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RSGB/RA Young Amateur 
of the Year Winners 


The winner of the 1998 Young Amateur 
of the Year Award is 17-year-old Mark 
Shepherd MOAGQ/G/WHL from 
Brighton. 

The Young Amateur of the Year Award 
is organised jointly by the Radio Society 
of Great Britain and the 
Radiocommunications Agency and aims 
to encouage young people to take up 
and further their interest in amateur radio. 

Mark is involved with the organisation 
of the amateur radio club at his school 
and its emergence as a bona fide radio 
club in 1996. He has been Secretary of 
the club for the last three years. Among 
the events he has organised this year are 
contests such as IOTA {Island on the Air) 
and special events stations, He has also staged electronics and radio displays which have resulted in several pupils joining the 
club, Having combined all this with his A level studies, Mark continues with revision classes for the RAE (Radio Amateurs’ 
Examination) and priactice Morse lessons. A particular interest is packet radio, and Mark has spent a great deal of time and 
effort developing as a sysop and running a bulletin board station (BBS). 

Mark was presented with the first prize of £300 by the RA's director of Spectrum Services, Hazel Canter, at the RSGB's 
annual HF Convention at Windsor in October. He also received a certificat signed by Peter Mandelson, Secretary of State for 
Trade and Industry, and will be invited to the RA's Radio Monitoring Centre at Baldock, Herts, for the traditional conducted tour. 

The worthy runner up is 16-year-old Peter Evans MOBOO from Orpington, Kent. Peter is a keen and active member of two 
clubs, of one of which he is a founder member and Chairman. He is a qualified Novice insntructor and has recently facilitated 
one to one Morse tutoring during his school lunch breaks. ETI is glad to hear that Peter is also a keen "homebrew" 
constructor, building receivers and antennas. 

Peter received a £50 cheque from the RA and will also be invited to visit the Baldock Monitoring Station. He was also 
presented with an Icom IC-T22E 144 MHz FM handheld transceiver, donated by Icom (UK) Ltd. 

Dale Blackman, marketing manager at Icom, said "The Young Amateur of the Year Award is very important to us as it 
brings together the ham enthusiasts of the future." 


Photos Courtesy of the RSGB 


Winner old Mark Shepherd MOAGQ/G7WHL from Brighton 


The Young Amateur of the Year Award is 
announced in the spring of each year and is 
normally open to any resident of the UK, 
Channel {slands or the Isle of Man who had not 
reached his or her 18th birthday by the 31st 
July of the previous year. Applicants must 
demonstrate an interest in some of the 
following: 


* Construction of radio equipment, good 
operating skills, use of radio to help in the 
community; and 

« Encouragement of others and involvement in 
a school or scientific project involving radio. 


ADS au} Jo Asaunog sojoud 


For further information please contact 
The Radio Society of Great Britain, Lambda 
House, Cranbourne Road, Potters Bar, 
Runner up Peter Evans MOBOO from Orpington Herts EN6 3JE. Tel 01707 659015. 
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ETl News... 


TODAY INTERNATIONAL 


[: Lego Bricks Hook Up With PCs for 
Robot Development Kit 


Classic. construction toy company Lego have invented a 
programmable. building brick. 

At the heart of the new kego Mindstorms Robotics 
Invention System is the RCX, a special Lego brick.embedded 
with an 8-bit microprocessor, that accepts programs 
downloaded:from a PC. The processor. also has 16K of rom, 
512-bytes of interna! sram and 32K:of external sram, and talks 
to the PC via.a serial port. The RCX Microcomputer has its 
own CD-rom based RCX Code, a user-friendly programming 
language designed to create. programs to drive mini-robots 
built-using the Mindstorms tobotics pack; 

Lego cali the Mindstorms system "the Challenge of the 
future for 12- to:14-year-olds"; but the 700-piece Robotics 
Invention System is likely to attract.the,attention of:more 
senior users, perhaps taking the time-honoured place of the 
model.railway set'as the ideal Christmas present for the kids 
to watch Dad play with. 

The 700-piece set includes two motors, light» and touch- 
sensors, and building parts including mechanisms,.gears and 
wheels. It can also incorporate parts from the. existing Lego 


Technics: series, including’*the hydraulics. employed in the cola- Li soe yo ate i Bre motots, two:teueh 


can lifting mobile robot arm shown in the photograph. 


New owners of the Robotics Invention:System.also get a 
“constructopaedia" building guide-with suggestions on how to’build 
modules ‘and. achieve various effects. These will not be the 
“complete building plans" included with earlier Lego sets. Achieving 
a complete model. willbe “all part. of the challenge" to the.inventors. 

However, to assist in their quest for new:ideas, new owners will 
automatically become members. of the Mindstorms internet 
community, based atthe website www.LEGOMINDSTORMS:com, 
where users Gan Create. personal homepages, upload programs, 
display their inventions, talk to other users and consult Lego 
experts from, Lego: via chat rooms and message boards. Each user 
will receive-a*Robotoics Network membership with their set, with an 
exclusive number. to log on. to the website.for the first time. The 
website will present new robot-building. challenges which'can 
downloaded: 

The Mindstorms system is the résult of co-operation: with the 
Media Lab-at the Massachsetis Institute of Technology (MIT); 
already famous.for its waiking robots (see The Robobugs of MIT in 
ET] December 1996). 

Expansion sets:including. Robo-Sports and Extréme Creatures 
shouid be available before:the:end of the -year. 

To.run:the complete system, you-need a minimum Pentium 
9QMHz processor, Windows 95, 50 MB hard disk space, a CD- 
rom drive,.16 MB of ram and°VGA display (256 colours)’ and 
preferably a Soundblaster sound cardor compatible. 

For information about stores selling or displaying Lego 
Mindstorms, contact 0845 606.2043. They can also answer 
questions about,computer compatibility, orppass you to someone 


A robotic arm built with from Lego ‘torm: ~ 8: 3 
Lego Technics hegte ers and who has.more*detailed information. 


eveeirene| 
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Vintage Valves Meet The Age Of The 
internet 


Large scale integration may get larger and micro fabrication 
may get smaller, but valves have not lost all their fascination in 
the age of the Internet. Record-breaking student Ed Ross has 
probably the largest collection of radio and TV values in the 
country. 18-year-old Ed, who comes from Shewsbury, has at 
least 3,000 valves and pursues every avenue, from local 
second-hand shops to the Internet, for information and 
contacts to keep his collection growing. 

It seems that Ed is not the only collector who places a 
value on valves. Dr. Donald Klipstein, of a magnetics research 


company near the city of Philadelphia in the USA, has his own 
valve museum. Ed and Dr. Klipstein made international contact 
via the Internet, and Ed's name now appears on a brass 
plaque in the museum, thanking him for a donation of rare 
valves. 

Ed says that his passion for valves was sparked off by his 
father's own collection of vintage racios, and followed up by 
reading electronics magazines. Keeping his feet firmly both in 
the past and the future, Ed is now studying on a three-year 
Network Information Management course at Bradford 
University. He's also staying practical by working on the 
design of a Theramin, based on five valves and two aerials, for 
a guitarist friend. No hoarder is he: "My collection is functional. 
The valves are all there to be used or sold," he says. 


Squires Model and Craft Tool Although you would need to look elsewhere for 
Catalogue Now Out specialised ics, mosfets and all surface mount 
components, there is a wide enough range of 
This is a catalogue intended mainly for model builders, electronic components for many normal projects. There 
but that does not preent it from containing a good is also a range of cases, electronic and mechanical 
range of electronic components. There are no surface tools, and other items to make the rest of the project 
mount components, and no power mosfets, or indeed easier. 
fets of any description, but most other types of This is a very 
electronic components are represented. useful catalogue, and : 
Of course, many electronics projects need more reading through it A ee ee 
than just electronic components, and this catalogue may well make you SQUIRES 
will be helpful there. If you want an electric motor and think of an “MODEL & CRAFT TOOLS: 
some sort of mechanical drive to agitate a pcb etching _ interesting project or MAIL, ORDER CATALOGUE, 
tray, this is one place to try. two. 1999 
There are tools such as cutting discs, micrometers, For a copy of the 
more files and abrasives than | have seen before. Inthe catalogue and further 
materials section there are plastic sections (such as U information contact 
channel), metal rods and bars, brass wire, and other Squires Model and 
items useful for the non-electronic parts of a project. Craft Tools, 100 
The catalogue has some components which are not London Road, 
very widely available, such as tuning capacitors and Bognor Regis, West 
solar panels. There are also a couple of bench drills Sussex PO21 1DD. 
which look as if they might be ideal for drilling printed Tel. 01243 842424 Fax 
circuit boards. 01243 842525. 
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Vann Draper Market Grundig Instrument Range in the UK and Ireland 

Van Draper Electronics has signéd an agreement with Grundig Test and Measuring System:in Gerniany’ to market Grundig's 
products in the UK and the Republic of Ireland. This will make Van Draper the prime UK Source for the Grundig instrument 
range, previously no. directly available in the UK, 

Van Draper has marketed its own range of general purpose instruments ‘since 1990, 
and also provides a list.of high quality instruments from a number of other sources 
including the full Kenwood range: 

The Grundig range Comes in three categories: 

Laboratory and Service Measuring Instruments; including power Supplies, function 

generators, sine wavevand arbitrary generators, universal counters, LF and-RF 

_ tnilivoltmeters, digital multimeters, automatic LCR meters and oscilloscopes) with 

- emphasis on. micorprocessor control, RS232:and IEEE interfaces. 

~~ Video Measuring instruments: including PALpius studio. encoders/decoders;’ video 
" generators, terrestrial and satellite TV generators and monitor testers. 

Antenna’ Measuring Instruments: including combination measuring receivers; 
antenna measuring receivers, satellite measuring receivers plus‘level and noise 
measuring instruments: 

For more information on the Grundig lines and other products in the Vann 
Draper range please. contact Vann Draper Electronics Ltd., Unit 5, Canal St., 
South Wigston, Leicester LE18 2PL. Tel 1006 2771400 Fax 0116.2773945. 
Email sales@vanndraper.co.uk. Web www.vanndraperico.uk. 


Test and Measuring Instruments 1999. 


Motorists Rely More Upon Traffic 


Warning Systems For Journey Planning © Trunk road users: rarely use motorways. Require regular local 
traffic and travel information for local roads. Trafficmaster's trunk 


A detailed survey of its members carried out by the RAD (Royal —_ road sensor network will be launched in late 1998 and will be 


Automobile Club) revealed that motorists change their journey linked to the RAC's Traffic Alert 1210. 

plans when given access to relevant, real-time travel 

information. The survey showed that motorists consider RAC's Managing Director of Membership Findlay Caldwell 

alternative routes, times and even modes of transport if says "More than 1.2 million drivers are caught in congestion on 

provided with information sufficiently in advance of their journey. British motorways every day. The research ahs shown that, 
The research is related to the continued expansion of the given timely and relevant information, travellers do reconsider 

RAC's Traffic Alert 1210 telephone-based traffic information journey plans and change them if appropriate." 

service. Four key groups of travellers were identified, and the For more information on the RAC and RAC Traffic 

differen ways in which they use information provided by traffic Alert phone 0990 722722. 

information services. The information offered includes journey More motorists are turning to various phone-based and in- 

delay times, incident and roadwork information and alternative car traffic warning systems as congestion resulting from 

route planning. The four groups are: accidents and other incidents traps more motorists in static 


motorway queues without warning from traffic authorities. 
* Motorway commuters: high level of local road knowledge. 


Journey time is critical, and traffic information is used to avoid 
short term delays and make informed decisions about 
alternative routes. 


* Motorway business travellers: regular motorway users with 
limited local road knowledge. Use advance information to plan 
routes and journey times, reinforced with an in-car unit during 
the journey. 


e Anxious motorway users: travel infrequently and dislike 
motorway journeys, Use in-car congestion warning devices to 
provide advance information about hold-ups, and adjust their 
driving accordingly. 
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Changes to the 10GHz Amateur Band 
In February 1999 


The Radiocommunications Agency has announced the 
date for future change to the 10 GHz amateur radio band. 
Part of the band will be withdrawn, but there will be a 
small overall increase in the spectrum allocation for 
amateurs. 

The current allocations is: 

10.00 - 10.15 GHz and 10.30 - 10.50 GHz for the 
terrestrial service 

40.45 - 10.50 GHz for the amateur satellite service 
From 1 February 1998, the allocation will be: 

10,00 - 10.125 GHz and 10.225 - 10.475 GHz for the 
terrestrial service 


The amateur satellite 
allocation will remain 
unchanged. 

The Agency states that it 
will continue to balance the 
needs of radio amateurs 
with regard to this part of 
the spectrum with the 
demands of new and 
existing radio services. The 
Agency has recently 
introduced an allocation at 136 kHz for amateurs. 

For further information, contact the RA’s public 
enquiry line on 1071 211 0211 (textphone 0171 215 6740 
for people with hearing impairment). 


Extended Frequencies for Low Power 
Devices 


New and extended frequency allocations for Low Power 
Devices exempt from licensing have been announced by the 
Radiocommunications Agency. The current frequency 
allocation of 433.72 - 434.12 MHz will be extended to 433.05 
- 434.79 MHz. The limitation of its use to Vehicle Radio 
Activated Key Entry Systems will be relaxed to accommodate 
General Telemetry and Telecommand applications. Audio, 
speech or music is not permitted in this band. Equipment 
must be Type Approved to ETSI specification EN 300 220-1, 
as recommended in the CEPT/ERC recommendation 70-03. 
Maximum power will be 10m\W. 

Controversy has previously arisen in connection with this 
band when it was found that legitimate Amateur Radio 
transmissions were capable of interfering with Vehicle Entry 
Systems. In some cases users were locked out of their cars, 
or vehicles immobilised, a considerable problem to car 
manufacturers providing radio activated entry systems. The 
ultimate origin of the allocation of an Amateur band to vehicle 
entry systems has not been published. However, the 
provisions for the extended 
band state clearly that 
“Manufacturers will be required 
to make it clear to potential 
customers that equipment may 
suffer interference from other 
legal users of this band, such 
as the Radio Amateurs, and 
will not be protected from such 
interference. The onus will be 
on the manufacture to produce 


equipment to an adequate standard.” 

The current frequency allocatation of 863.00 - 864,00 MHz 
for Cordless Audio Equipment will be extended to 865.00 
MHz. Equipment must be Type Approved to the ETS! 
Specification EN 300 220-1 until ETS! publish a suitable 
product standard. Maximum power will be 1O0mW. 

A new frequency allocation of 868.00 - 870.00 MHz has 
been made for General Telemetry and Telecommand 
applications. Equipment must be Type Approved to the ETSI 
specification EN 300 220-1. The band is split into sub-bands, 
and the maximum radiated power permitted will depend on 
the specific sub-band in use. RA information sheet RA114. 
Annex 3 summarises the relevant information. 

The current frequency allocation of 2.400 - 2.483 GHz will 
be opened to General Telemetry and Telecommand 
applications including Visual Image Transmission Equipment. 
Equipment must be Type Approved to the ETSI specification |- 
ETS 300 440. For VITE the maximum permitted bandwidth will; 
be 20 MH. Maximum power will be 10mW. The band will 
continue to be shared with other applications. The ' 
Specification remains ETS 300 328. 

The relevant Licence Exemption Statutory Instrument will 
be amended later this year. Users may operate type approved 
equipment which complies with the relevant standard in the 
appropriate frequency band. Users are being invited to apply 
for a licence from the Technology Sectors Unit (Low Power 
Section), which will be issued free until the new Statutory 
Instrument is in place. 

The updated allocations harmonise the UK with the rest of 
Europe and were applied from 31 August. 

For further information contact the 
Radiocommunications Agency, Technology Sectors Unit 
(Low Power Section) Tel. 0171 211 0153. 


Ppa eiseatemiticnacacd | 


OVERSEAS READERS 


To call UK telephone numbers, replace the initial 0 with your local overseas access code plus the digits 44. 
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nce upon a time, ladder diagrams were produced 
to specify the hard wiring of relay control 
circuits. Despite a sometimes confusing 
resemblance, the meaning of the symbols used to 
represent the relay contacts and coils differed from 
those used in electronics everywhere else, with a set of 
normally open contacts, for example, being drawn very much 
the same as a capacitor. This notation could be seen as a 
primitive form of a diagrammatic programming interface. This 
may have come about because Boolean algebra was not so 
accessible to the people (usually electricians) who had to 
program these systems (by wiring them up), Consequently, the 
approach to designing these systerns may seem unfamiliar to 
readers more comfortable with Boolean algebra, Next State 
tables and so on. 

However, as hard-wiring changes required significant costly 
re-work, a more flexible approach was obviously needed. 
Consequently, Programmable Logic Controllers and relay 
ladder logic were developed. These were evolved from the 
original relay ladder logic used to implement industrial control 
schemes, using relays to inplement compound and sequential 
functions. 

Control functions could now be implemented and changed 
in software rather than in hardware rewiring. The 
Programmable Logic Controller now provided the electrical- 
electronic interface between the field devices and the relay 
ladder-control software. 


History 

The transition from hard-wired logic to Programmable Logic 
Controllers did not happen overnight, and what follows is a 
brief history of this evolution, 

To the industrial manufactures supplying the relay-based 
control equipment, it was obvious there was a need to develop 
a more flexible and adaptive contro! philosophy. The first 
products to result were hybrid systems, with the individual logic 
elements AND, OR, TIMER, COUNTER, SHIFT REGISTER etc. 


grammable Logic 
Controllers and 


der Logic 


logic controllers are a hardware means of controlling 
y a circuit-like programming language that can be 

hrough an interface from a PC. Ladder diagrams look 

ordinary schematics, but they are no such thing ... 


Stephen Fleetham 


assembled into small hardware modules about the size of a 
pack of playing cards, with all the electrical connections 
brought out to pins on the base of the module, 

The first step in design was to draw up control schemes. 
These allowed the necessary logic blocks to be determined. 
The logic blocks were then mounted in a rack and the 
electrical connections made by wire-wrapping the relevant pins 
together. 

As the technology advanced, further logic was developed. 
Probably the most important was the Sequencer, a means of 
controlling the flow of logic sequentially by a program stored in 
eprom memory. 

The next stage in the evolution of the modern 
Programmable Controller was to incorporate all these logic 
elements into one module and contro! it with software. 

Initially these controllers were very large, consisting of a rack 
housing the backplane, power supply, central processing unit 
(CPU), memory (magnetic core in the earliest units) and all of 
the input-output modules. 

All that now remained was a means of programming the 
processor memory. This was accomplished using a hand-held 
programmer consisting of a keypad and LEDs, Mnemonics 
were used to represent the basic ladder instructions. These 
early devices were sometimes difficult to use and restricted in 
what they could achieve. 

The technology developed rapidly over the years to what 
we have today, Programmable Logic Controllers that are 
physically compact (often around the size of an ordinary PC}, 
have a rich and powerful instruction set, allow networking, 
support intelligent operator interfaces, and so on, 


The future 

Over the years Programmable Logic Control technology has 
rapidly developed, to the extent that high level languages such 
as C may be used as the preferred programming language. At 
the same time, PC technology has been developing in the 
opposite direction, becoming increasingly rugged and suitable 
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for operation on the shop floor. 

Clearly these two technologies have the potential to 
combine and merge, providing processing and control 
platforms that could only be dreamed of several years ago. 

The future may well produce intelligent sensors with a 'PLC 
ona chip', providing parallel distributed processing, and 
allowing the sensor to provide the primary control function. 


The symbols 

As noted above, the symbols used in ladder logic have quite 
different meanings from those used in normal electronics. See 
figure 1. Relay parts are numbered using a convention where 
Yxx refers to an input, and Xxx to an output. 


Figure 1: a key to ladder logic symbols used in this article 


4 --— NORMALLY OPEN RELAY CONTACTS 
— / }—-- NORMALLY CLOSED RELAY CONTACTS 


RELAY COIL 


o— INPUT FROM THE OUTSIDE WORLD, EG, LIMIT SWITCH 


—-_{ }— THE COIL OF RELAY 01 


—+ }#— A NORMALLY CLOSED CONTACT FORMING PART OF THE 
SAME RELAY 


This notation originated from a time when control panels were 
wired up using relay logic. Nowadays the relay is used as a 
logic symbol for this sort of control programming, in effect a 
graphical method to input Boolean algebra. In principle, at 
least, control functions specified in this way could be executed 
by a box full of clattering relays instead of by a processor. 


How it works 
A Programmable Logic Controller is made up of the following 
parts (see figure 2): 


A central processing unit 
A program memory 
Input interface 

An output interface 


Figure 2; the internal functioning of a programmable logic 
controller 


X10 CENTRAL Yoo 
INPUT —> PROCESSING —= OUTPUT 
ADDRESS UNIT ADDRESS 


X10 Yoo 
INPUT OUTPUT 
INTERFACE | ( } INTERFACE 


A typical Programmable Logic Controller 
Controller operation is reasonably straightforward, and most 
operate on a scan basis. This is in contrast to the approach 
used in other types of controller, where interrupts may be used 
to make the unit respond to changes on inputs. A scan based 
system cannot cope with events which require a response in a 
shorter time than one complete pass through the program. 
This is unlikely to pose a problem when the item being 
controlled is mechanical. 


At the start of the scan the inputs are read and the internal 
input status is updated. The central processing unit now reads 
the relay ladder program from memory and executes the 
instructions. Internal devices {internal relays etc.) are updated 
as the scan continues. 

At the end of a scan, all program instructions will have been 
executed. This is the point at which the outputs are refreshed 
or updated to reflect any changes brought about by a change 
in input status. See figure 3. 

For example: 


Figure 3: a single scan of the Programmable Logic Controller 


<START> 
Read the input interface and update the internal input status 
$—6 o—_| x10 


Process the ladder diagram in program memory, and update the status 
of any devices (eg. auxiliary relays, internal timers, counters etc.): 


x10 Yoo 
acer { }H 


Write the internal output status to the output interface: 


<GO TO START> 


The central processing unit and memory are the heart of 
any Programmable Logic Controller, as it is here the 
program instructions are read from memory and then 
executed. All the processing and control is undertaken here. 
There are a number of different types of memory available. 
Most current controllers use random access memory (ram). 

This type of memory is volatile. If the power is removed, 
the memory contents are lost. To prevent this, controllers 
employ a battery to take over automatically if the supply is 
switched off, allowing the memory contents to be retained. 

Some controllers use erasable programmable read only 
memories (eproms). A programmer is needed to an eprom, 
and, once loaded, it become a read-only device and 
reauires no battery to retain data when the power is 
removed. The only way to erase the old program is to 
expose the device to a powerful source of ultra violet light. 

EEPROMS, or electrically erasable programmable read 
only memories, are becoming more popular and function 
very much like an eprom except that they are erased 
electrically. 


Input and output interfaces 


As the input signals can vary from low power dc to high 
voltage ac, these signals need to be conditioned and 
isolated from the internal electronics of the controller. 

Isolation excludes noise, and conditioning converts the 
signals to a level the controller can safely handle. Most use 
optical isolation, which converts the electrical signal to light 
and optically couples them. 

Conversely, the internal output signals need to be 
changed to a level high enough to drive external field 
devices. This is achieved by using transistors for dc, triacs 
for ac, and relays for volt-free applications. 

The concept of input and output Sink and Source 
causes a great deal of confusion and needs to be well 
understood. The input/output structure of a Programmable 
Logic Controller consists of two main types: sink and 
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source. Sink may be thought of as an open collector 
transistor which, when driven ON, is able to "sink" a 
voltage applied to it, so that any load connected between 
the output and a suitable voltage would energise when the 
output was turned on. 

This also applies to inputs. Typically the electrical signal 
is conditioned and filtered, and then passes through a 
photo diode to sink the input and provide an ON indication 
to the controller. 

Source may be considered as an open emitter transistor 
which, when driven ON, would "source" a voltage to the 
load connected to it, so that a load connected between the 
output and ground would energise when the output turned 
on. 

Other forms of output switching are relays and triac 
devices, Relays depend on mechanical switching for 
operation and isolation, while the triac is an ac device, 
capable of switching on both sides of the ac waveform, 


Ladder diagram programming 
A ladder diagram consists of one line running down the left 
hand edge with lines branching off to the right. A line 
branching off to the right is called the Instruction Rung. 
Along this rung are placed logical conditions in the form 
of relay contacts that lead to other conditions. The logical 
combination of these contacts determines the state of the 
output coil on the extreme right hand side. See figure 4. 


Figure 4: a typical ladder rung 


X10 x11 Yoo 


X13 


Rungs can branch apart and rejoin. Vertical lines are called 
OR branches (X10 or X13); these combine with horizontal 
AND lines containing further conditions (X10 or X13 and 
X11, and so on) 

The characters above the condition indicate its type: 
whether it is the input, the contact of a coil, and so on, and 
also the address assigned to it. The state of the contact 
{open or closed) determines the execution condition of 
following contacts. 

The creation of an executable ladder diagram control 
scheme is basically a three-stage process: (1) draw the 
ladder diagram (2) compile it (3) download the software to 
the programmable controller. 

A PC is used to develop the ladder diagram, using an 
intuitive user-friendly graphical environment which provides 
pull-down menus and dialogue boxes. Within this 
environment a graphic window is opened allowing the 
ladder diagram to be drawn using familiar ladder elements 
such as contacts, coils, etc., which are selected and 
displayed at the bottom of the screen. 

When this process is completed, the ladder diagram is 
compiled and downloaded to the programmable controller. 
The relay ladder logic will now be executed when the 
programmable controller is put into RUN. 


Basic procedures 

There are a number of steps involved in creating an 
executable ladder logic scheme using the pc based editing 
tools. Obtain a list of all the input/output devices and assign 
an I/O address to each device. Select EDIT from the ladder 
editor main menu to open a new project file. Then, using the 
function keys to select the relevant logic symbol, draw the 
ladder on the screen. 

For example, to monitor the state of an input in the form of 
a limit switch, and to drive a relay output: First assign an I/O 
address, for example, X10 for the limit switch and YOO for the 
relay. Using the function keys, select a normally open contact 
and address it as 10, then select a coil and address it 00. 

You have just created a ladder rung consisting of one 
contact driving a coil, so that the relay will energise when the 
limit switch operates. When the ladder diagram is complete, 
exit the graphics window using F10. 

This saves the ladder diagram and returns to the main user 
screen. Finally, select COMPILE from the ladder editor main 
menu. Once the ladder diagram is compiled, it can be down 
loaded to the microcontroller. 

Make sure that the programming cable is connected 
between the PC serial port and controller, and then power up. 
Selecting PROGRAM DEVICE from the ladder editor main 
menu now completes the process. 


Timers and counters 

Up till now we have only considered output coils as the link 
between the program and the physical device attached to the 
controller. We now develop the idea of special function coils in 
the form of timers and counters. 

The symbol! for both is very similar to that of an ordinary 
output coil, however, each device has a K constant associated 
with it. In the case of a timer this value would be the pre-set 
delay duration before the timer will operate. In the case of the 
counter it would be the number of OFF to ON signal transitions 
before the counter output coil would energise. 

Before we discuss the operation of both the timer and 
counter and introduce additional elements necessary to control 
the devices output coil operation, it is important to understand 
how the Programmable Logic Controller handles timer and 
counter data. 

Most assign two data registers to the devices, one to hold 
the fixed K value, the other to hold the actual count or time. 
This is the actual value that is manipulated. On reset this 
location is simply loaded with the original K value, and when 
enabled the data register contents decrement (or increment if 
an it is an UP counter) on the OFF to ON signal transitions of 
the counter input. 

Commercial Programmable Logic Controllers provide a 
number of ranges for both timers and counters, normally as 
follows: 


Timer 
1 msec 0.001 sec 


10 msec 0.01 sec 
100 msec 0.1 sec 


Counter 
8-bit byte O - 255 counts 


16-bit integer word 
32-bit double word 
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Integer words allow a maximum of only 32,767 because bit 16 
is used to supply the sign when equal to 1 indicates a 
negative number in the range -1 to -32767. 


Ladder diagram instructions 

Throughout the next section new instructions will be 
presented in a consistent form of title line, example ladder 
diagram and finally an explanation of the ladder presented. 
Figure 5 shows a sample title line for a normally open 
contact. 


Figure 5: an example title line. 
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Normally open contact 


Figure 6: Normally open contact 
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When the controller simulates a ladder relay circuit, what tt 
does is to read any external inputs as already described, then 
it executes each “rung" in turn, with the results from earlier 
rungs being available as inputs to later ones. 

A normally open contact is ON if the device assigned to its 
address is operated and OFF if the device is released. When 
input X10 is energised, output coil YOO is turned ON, and the 
normally open contact of YOO in turn operates internal relay 
M04, The contact of M04 then operates the coil of YO1. 


Normally closed contact 


Figure 7: Normally closed contact 
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A normally closed contact is ON if the device assigned to its 
address ts released, OFF if the device is operated. 

In the initial state with input contact X10 off, output coil 
YOO is on and YO1 is off. Normally open contact YOO operates 
turning internal relay MO4 on, while normally closed contact 
M04 now operates, turning the output coil YO1 off. When X10 


is operated the output coil YOO is turned off, contact YOO is 
released, in turn releasing auxiliary coil MO4, the normally 
closed contact of M04 now operates and turns YO1 on. 


Output coil 


Figure 8: Output coil 
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Coils are the program output instructions that link the logical 
ladder diagram in the form of software and the physical 
devices connected to the controller and referenced by its 
address. 

In this example, when input contact X10 is made, output 
coil YOO will energise and operate the device connected to 
that address on the output interface. 


internal relay 


Figure 9: Internal relay 
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Internal relay coils only exist within the programmable 
controller, and are used when additional logic is required, 
eliminating the expense of additional hardwired devices, In the 
above example, when input contact X10 is made and 
provided X11 is not operated, coil MO4 will energise and 
operate. The coil will now hold on via its own normally open 
contact M04 closing, and will remain energised until normally 
closed contact X11 operates. 

This is a typical use of an internal relay as a simple latch. 


And 


Figure 10: And 
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An AND program instruction may be considered as two or 
more series contacts. In the above example, if both normally 
open contacts X10 and X11 were made, then the output coil 
YOO would turn on. If either contact is OFF then the output 
coil would also be off. 
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Figure 11: Or 


The OR program instruction is just one or more contacts in 
parallel. In the above example, if either of the normally open 
input contact X10 or X11 were made, then output coil YOO 
would energise. If an OR branch evaluates false, then the reset 
of the ladder to the right of the OR branch for that rung would 
also be false. 


Timer 

As mentioned earlier, the timer is represented as a special 
function coil with an additional element, a reset enable rung. 
This is the row of conditions to the left of the coil. If they 
evaluate true, the timer is enabled but the coil does not 
immediately operate, as would be the case with an ordinary 
output coil, 

What now happens is that the pre-set constant K value will 
decrement once every 0.1, 0.01, and 0.001 seconds 
depending on the time base being used (which is nearly always 
determined by the timer address). When the K value reaches 
zero, the timer output coil energises and remains on until the 
reset/enable rung evaluates false. 


Figure 12: Use of the Timer element 
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lf X10 is open, the timer is disabled and the pre-set K value 
loaded into the actual value register. X10 now operating allows 
the timer to decrement the actual value until zero is reached. 
The output coil now energises and remains on until the 
reset/enable rung evaluates false. 


Counter 

The counter does not have a reset/enable rung as such, 
instead it uses a special program instruction called RST. If the 
conditions to the left of its graphic program symbol (usually a 
rectangle) evaluate true, then the counter is RESET to its 
original K value. 

The actual count rung is the conditions to the left of its 
output coil and at OFF/ON transitions, up counters would 
increment from zero up to the K value or for down 
counters, would decrement down from the original K value 
to zero, 

lf the condition to the left of the coil were true, this would 
enable the count. Therefore, a means of preventing the counter 
from counting on each scan of the ladder is needed. Counters 
are only allowed to count on detecting an edge transition, that 
is, going from logic 0 to logic 1, and a ladder scan could 
spuriously register as such a transition. 


These timer types, on reaching either zero or the K value 
according to whether the timer uses a down counter or an 
up counter, the counters output coil would energise and 
stay energised until the reset instruction evaluated true. 


Figure 13: Use of the Counter element. Rung 1 is the reset 
rung, rung 2 is the timer one, with the timer "coil" designated 
cé. 


In the above example, input contact X10 made resets the 
counter, turning its output coil off and reloading the K value 
into the actual value register. As long as X10 remains 
madethe counter will not be able to count. 

X10 turning off allows OFF/ON pulses on X11 to 
increment or decrement the counter actual value. When the 
count value 5 reaches zero the counter output coil 
energises. 


Counter: a special note 

The software supplied treats the counter in a different way 
to conventional programmable controllers, in that it may 
also be used as a timer and does not have a reset rung 
associated with it. Selection of the operating mode is made | 
by defining the source of its OFF/ON pulses, For a timer, 0 
selects the internal 100ms time base, 17 selects the 

counter mode and uses input X17 as the OFF/ON source. 


Figure 14; the Counter used as a counter ... 
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In the example above the count rung now becomes the 
reset/enable line and the condition of X10 would determine 
if the counter was enabled, that is, X10 operated counter 
enabled. 

OFF/ON pulses on input X17 would now decrement the 
counter to zero and operate coil CO6, this would stay 
energised until X10 released. 


Figure 15: ... and as a Timer 
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When used as a timer the count rung still becomes the 
reset/enable line and the condition of X10 would determine if the 
timer was enabled, that is, X11 operated timer running. The internal 
100ms time base would now be the source and, with a K value of 
ten, would result in a 1 second delay. On reaching zero the timer 
coil TO6 would operate and would stay energised until X10 
released, 


Introducing Compound Ladder Logic 
First | will look at nesting. Complex logic rungs often produce a 
logic expression that cannot be evaluated without saving the result 
of previous conditions already evaluated. When this occurs, the 
result and its logic element need to be saved before the next logical 
conditions are evaluated, Once these new conditions are 
evaluated, the previous result and logic element are recovered and 
combined with the next condition or block of conditions. 

As this may be confusing, lets take a look at an example (figure 
16) and work through it. 


Figure 16: a nesting example 
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IF THIS LADDER DIAGRAM 1S RENDERED AS A BOOLEAN EQUATION, WE GET: 


Yoo 
{ } 001 


YOO = X14 + (X12.X13) . (YOO + X10.X11) 
THE LOGICAL ELEMENTS ARE 
AND = + 
OR =. 
NESTING = () 
Xnn = LOGICAL NOT 


Note: The Software made available for use with the project boards 
that will appear in ETI shortly supports one level of nesting only. 

As can be seen from the brackets, there are two occasions 
when nesting is needed. If we start from the left hand side of the 
equation, the condition NOT X14 and its logic element OR would 
need to be saved before the condition (x12 AND X13) was 
evaluated. After these two conditions are evaluated the previous 
condition and logic element would now be recovered resulting in 
(NOT X14 OR binary result}, where binary result = X12 AND X13. 

This new binary result and the logic element AND would need 
to be saved while the next block of logic was evaluated YOO OR ( 
X10 AND NOT X11), which will produce a new binary result, 

We now recover the previous binary result and the logic element 
saved with it, and evaluate the logic previous binary result and new 
binary result. YOO would now be driven ON or OFF depending on 
the result of the logic evaluated. The ladder example used would 
result in one level of nesting, twice in one rung, It would therefore 
execute correctly, 


And again 
If normally closed contact X10 was not operated, normally open 


contact X11 operating would energise internal relay MO4, which in 
turn would operate output coil YOO (figure 17). 

Rung 3 is more complex in that there are now two separate 
AND paths, NOT X12 AND X10 and NOT X10 AND YOO. If 
normally closed contact X13 is not operated, either contact X10 or 
YOO going true would result in the output coil YO1 operating, 
provided both normally closed contacts X10 and X11 remain in the 
released condition. 


Figure 17: AND again 
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Or again 

As shown below, normally open contact X10 made, and normally 
closed contact X11 not operated energises auxiliary relay coil MO4 
(figure 18}. There is also another OR path for the operation of MO4, 
normally open contact X10 being made. Again rung 3 is more 
complex, as we now have multiple OR paths to operate output coil 
YOO: the first path (X18 OR M 04) AND X14 and the second (x10 
AND X15): 


Figure 18: OR again 
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This illustrates that quite complex controls can be implemented 
easily using a ladder logic representation of the function. 


Two example project boards have been designed to go with this 
article. These appear in this issue of ET| on page 16. 


TELL THEM YOU SAW IT HERE... 
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A microcontroller- 
based programmable 
logic controller 


This logic controller and interface board provide a practical means of trying some 
of the principles in the Ladder Logic feature in this issue. 


Stephen Fleetham 


irst an overview. Figure 1 shows how the [ 


hardware components go together. At the heart of 
the system is the microcontroller PCB, which is 


: aa ’ 
where the ladder diagram software is downloaded r 1000 | pas 
and executed. To accomplish this we need to use 
the ladder logic editor/compiler software running on a standard vee on 
PC, ABO to x10 1 
1 . = Ag 1 x11 CT 2 
Now some form of interface between the microcontroller anol? x2 
. : 1B2|— re 3 
PCB and the external hardware must be provided. For this nos}d x19, 
project a simple ‘user hardware’ eight-in four-out PCB is used. nos(!t_ X14 g 
Connections between the two boards is made using a 16-way peg}B X18 __ yg 
a A 4 . 1c1 1 % 
ribbon cable, which plugs into the 16-way dil sockets on both pictecsre Resp ®& AI <7]; 
. ‘ . . * z VF Kv? 
pcbs. The ribbon cable is terminated at either end with 16 way sel eggs 1° 
IDG connectors. | eee ai 19 yon = 
For those not familiar with the technology, the connector XT ncof20__Y02_ 4 
consists of two parts, the main body and a top cover. The pcaf2t-—¥03__—> 14 
» A F . < . A 4MH. 
main body contains the insulation displacement pins which are "44 oscz a 
forced through the ribbon cable by fitting the top cover and comics OR fe 10 
compressing the assembly under pressure. This operation pill ia 
makes the electrical connection. 
The microcontroller PCB circuit is reasonably simple and 
consists of three ics and a small number of discrete vy “as 
components. It is easy to construct either on Vero board or - a OTA 
using the PCB. 1000 = is 
16 Ty22H Co 
to " 2 {GND 
MICROCONTROLLER PCB SIMULATOR PCB 12 13 = =i 
Bg 14 
INPUT — 0S: Otte ice 
WK, * i MAX232CDE 8 
cic 
22p —_— S —— 
£ é 
+ 
C11 mae C12 
lo ae ay 
a SERIAL 
BAMDARSETOR EDITOR - COMPILER 
SOFTWARE 
Figure 1: an overview: the microcontroller pcb and simulator pcb 
connected to a mains adapter and a PC Figure 2: the circuit of the microcontroller board 
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Figure 3: the circuit of the simulator board 


If we now refer to figure 2, the microcontroller IC1 controls 
the hardware operation and is supplied pre-programmed with a 
‘runtime’ software package. This software determines the 
condition of the inputs, then reads in a byte of binary code 
from eeprom |C3., 

Looking at the main ic first, |C1 is a PIC microcontroller 
which is a programmable device here configured to provide the 
input/output and serial communication ports. Thisalso 
generates the necessary timing and clock signals to program 
the on-board memory device |C3. The on-chip one time 
programmable memory contains a runtime software package. 

This software controls the operation of the pcb by reading 
the input ports evaluating the eeprom stored binary logic and 
driving the outputs as necessary. The logic instructions along 
with input and output address are embedded in this binary 
byte. 

Serial communications is also provided by IC1, which takes 
the internal data and generates, through software, the timing 
necessary to send and receive start/stop and data bits to and 
from IC2. This software implements an on board UART, saving 
the cost of an additional external component. 

As the pcb provides a RS232 serial port a means of 
changing the +5V TTL level signals to the positive and negative 
voltages defined by the RS232 specification is needed. This is 
provided by |C2, which contains a charge pump circuit. This, 
with the use of a small number of external capacitors can 
generate +/- 10VDC and convert between RS232 and TTL 
voltage levels. 

This only leaves the operation of IC3 to be explained. This is 
an electrically erasable programmable read only memory. 
Eeproms are programmed serially as opposed to conventional 
memory which is either byte or word parallel format. Some 
means of synchronising this serial transfer is required. IC1 
provides this timing by generating a clock signal on pin RAO, 
allowing the hit data on RAI to be transferred to IC3. 

The LED on the microcontroller pcb gives an indication of 
the current state of operation. If it remains on or off it indicates 
microcontroller execution halted; if it is pulsing then the system 
is running. 

Finally, |C4 regulates the input voltage down to the 5V DC 
for the operation of the hardware, by converting an unregulated 
input supply in the range of +8 to 15VDC down to +5VDC. Its 
input voltage should not fall below 8V during the lowest point 
of the ripple (if an unregulated supply is used) at the maximum 
load. If a voltage above around 10V is used, it would be 
advisable to use a heatsink on the regulator. 


If the power supply is towards the higher limit specified 
above, the heatsink on the voltage regulator, |C4, may need to 
be quite substantial. 


Microcontroller pcb construction 

To enable a single sided pcb to be produced there are a 
number of wi re links to be fitted, using scrap component 
leads. It is best to fit and solder these first. 

Next fit and solder all resistors before the other 
components are inserted. The ic sockets and PL? are next, 
note the orientation of the pins, pin 1 of each socket is 
towards the top of the board. Insert and solder the remaining 
capacitors and IC4. Care must be taken to ensure the voltage 
regulator IC4 is inserted correctly; the metal tab for an optional 
heatsink must be to the right when looking down from the 
top. 

Now visually inspect the pcb for dry joints or short circuits, 
which are the most common causes for a circuit to fail to 
operate correctly. Also, check that all component. leads and 
wire links are soldered. 

With IC1, IC2, and IC3 removed, connect the external 
power source (between +9 to +24VDC at around 250mA) and 
check with a meter the voltage regulator is delivering +5VDC 
+/- 10 percent. If excessive current is drawn from the 5V 
supply, a heatsink may be attached to the metal tab on |IC4. 

Finally fit C1, C2, and IC3 and ensure that pin 1 of the IC 
matches pin 1 of the socket installed. The power supply to the 
pcb should be greater than 8VDC and less than 15VDC at 
around 250mA. 

To program, power up the pcb and attach a 9-pin serial 
lead to the PC. Run the Editor/Compiler software (com1 is the 
default communication port. Use the command line argument 
/com2 to select com2) and using the menu, select the 
operation required. 


Simulator pcb construction 

If we now look at figure 3 & 4, the second small I/O pcb is 
very simple, and consists of an 8- way dil switch DIL1 
simulating eight digital inputs, and LEDs 1,2,3,4 providing four 
simulated digital outputs. 

The construction of the PCB is easy. Fit and solder all the 
components making sure RP1 and SK1 pin 1 are in the correct 
location as indicated on the layout, and take care to ensure the 
LEDs are fitted correctly with the flat side going to R1,2,3,4. 

The simulated inputs and outputs are connected to the 
microcontroller pcb by the 16-way IDC ribbon cable assembly 
mentioned earlier 


Figure 4: the component layout of the microcontroller pcb 
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C3,4 415pf ceramic disk = © « © 
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C7 47uf 35V electrolytic 

cg 10uf 10V electrolytic 


Semiconductors 
PIC 16C57P Microcontroller - see below 
MAX232CPE TTL to RS 232 conversion 
24C02A EEPROM relay ladder logic data 
7805 voltage regulator 

_ 4MHZ Ceramic resonator 

{ is . aes purpose LED 


A REAL WORLD APPLICATION: A MOTOR 
CONTROLLED ROLLER BLIND 


This example of real-world programming discussed may be 
programmed into the microcontroller board, and using the 
project PCBs the ladder logic software may be run and 
monitored using the software package mentioned previously. 
The purpose of this example is to show how ladder diagram 
programming and microcontrollers can replace conventional 
hardwired control schemes. The design of associated hardware 
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SKT1 
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a software key to allow the 
Aadder Editor/Compiler to run in 
pment mode. The ladder logic 

ditor software and the self 
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ganpel, on which these 


is not covered, and is left as an exercise for the reader, 
however, the input - output simulator may be used to allow the 
ladder diagram to be run and the resulting operation monitored. 


Figure 5 shows an example of the power wiring needed to 
control a conventional heavy-duty motor driven roller blind. 

An example of a hard wired relay control scheme to control 
the operation of the roller blind is given in figure 6, the 
operation of which is quite straightforward. 

The next thing to be done is to put together the control 
scheme, First draw up an input output schedule which 
specifies the electrical nature of each input output as in table 


1. 

Input Description Tag 
X11 Up push button PB1 
X12 Down push button PB2 
X13 Emergency stop ES1 
x14 Upper limit switch ULSW 
X15 Lower limit switch LLSW 
X16 Motor over current OL 
X17 Safety switch SFW 
Output Description Tag 
YOO Up relay RLt 
YO Down relay RL2 


Table 1: the I/O schedule 


The hard wired relay control scheme is then translated to its 
ladder diagram equivalent, figure 8. Obviously the two are very 
similar, however, on this diagram certain devices only exist 
within the Programmable Logic Controller, such as auxiliary 
relay M04, 

This is the software that links the logical internal elements, 
the contacts coils etc., to the real world physical devices, the 
relays, limit switch etc. It also provides the sequential control 
and operation of the external components based upon the 
condition of the inputs of the Programmable Logic Controller. 

The actual wiring diagram is now drawn up figure 9, Notice 
the simplicity of the layout when compared to the hard wired 
relay control scheme. Any mistakes in the logical operation of 
the roller blind can now be quickly rectified by altering the 
ladder diagram, and reprogramming the Programmable Logic 
Controller. This is significantly easier and cheaper than having 
to rewire a conventional hard wired relay panel. 


Hardwired circuit description 

On pressing the up push button PB1 control relay RL1 
operates and normally open auxiliary contact of RL1 operating 
holds the control relay in. The push button may now be 
released. 

At the same time the three-phase contacts make apply 
mains to the motor which now starts to raise the roller blind. 
The motor continues to operate until the normally closed upper 
limit switch ULSW operates. This releases relay RL1 and the 
motor is stopped. 

To lower the roller blind the down push button PB2 is 
operated, RL2 energises and normally open auxiliary contact of 
RL2 operating holds the control relay in, the push button may 
now be released. This drives the roller blind down until its 
closed position is reached, which is detected by the normally 
closed lower limit switch LLSW. 
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Figure 5; an example of the power wiring needed to control a 
conventional motor-driven roller blind 


To provide a measure of safety, the motor is protected from 
over current by overload OL, An emergency stop switch ES1 is 
provided as a means to release both up and down relays, 
stopping any roller blind movement. 

As an added precaution a 'bump strip' SFW is fitted to 
detect any contact with an object while the roller blind is being 
lowered, Any contact detected would stop the roller blind by 
releasing the down relay RL2 removing the drive to the motor. 


Ladder diagram circuit description 

Master current overload normally closed contact X16 operates 
internal relay MO4, this acts as a safety circuit to release output 
cails YOO and YO1 should X16 operate due to overcurrent. 

Rung 2 provides the door up logic as normally open contact 
X11 operating energises output coil YOO, this causes output 
coil YOO to latch on via its own normally open contact YOO. 
Normally closed contact YOO ensures that the down coil Y01 is 
not able to be driven while the door is opening. 

The doer will now open until the normally closed contact 
X14 upper limit switch operates. This releases YOO, removing 
power to the motor via RL1 contactor. 

The down control is taken care of by Rung 3, operation is 
similar to the up control already discussed, however, for safety 
sake a ‘bump strip’ is attached to the leading edge of the door. 
This operates normally closed contact X17 in the event of the 
door making contact with an object while being shut, which 
releases YO1 which in turn removes the power via contactor RL2. 
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a 6: a example of a straightforward hard-wired relay control 
scheme 


An example of the ladder diagram needed to control the 
roller blind was given in figure 8. 


An important note 

In practice, the emergency stop button should ALWAYS be 
hardwired to allow physical disconnection of the mains power 
to the control relays, and normally the switch will be 
mechanically latched off until reset. 


| hope that these practical examples and the previous feature 
on the subject have helped to open the door to Programmable 
Logic Control and ladder logic. 


Hardware and Software 

The following items are available to accompany this article: 

IC1 and IC8 (IC3 is initialised with a default ladder run so 
that there is no need for the bootstrap loader): £14.99 plus 
£2.75 post and packing. 

Software £14.99 plus £2.50 post and packing. 


Orders and enquiries to: Micro Technical Services, 
Unit 13, Graham Potter Enterprise Units, Pinehurst, 
Swindon, Wilts, SN2 1RL. 
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Figure 7: the component layout of 
the simulator pcb 


Figure 8: the hard-wire control scheme of figure 6 
transiated into an equivalent ladder diagram 


Figure 9: the actual wiring diagram gene- 
rated from the ladder diagram in figure 8 
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This neat little Christmas Box helps to track down those elusive "o dt 
detecting an electric field. It can also be used for continuity-testings 


components. 


Bart Trepak 


hristmas Comes but once a year and when it 

does ... aS well as bringing good cheer it also 

brings the usual crop of seasonal questions. 

Will the mother in law be coming to stay again 

this year? ... what will Santa bring me? ... is it 
worth putting a fiver on a white Christmas? ... will the 
Christmas fights light? ... Being an electronics designer, | 
am unable to give a solution to many of these problems but 
this article should help to fix the last one should it occur - 
and experience shows that it usually does. 

Murphy's law - the one that states that if anything can 
go wrong then it will - operates all the year round. With a 
40-lamp set of Christmas tree lights, there are at least 40 
things to go wrong (41 if we count the mains fuse), so it's a 
fairly safe bet that they will not work first time when they 
are brought out of hibernation. As the lamps are connected 
in series, any one lamp failing or not making a good 
contact with its connector will result in the whole chain 
failing to light. Many newer lamp sets are fitted with special 
lamps which go short circuit when they fail so that even 
when one lamp fails, the circuit is maintained and only that 
lamp fails to light. This makes it easy to spot and replace 
the offending lamp. If more than a few lamps fail in this 
mode, however] and go unnoticed (as can easily happen 
with small bulbs on a large tree), a greater stress is placed 
on the remaining lamps as the current through the chain 
increases. This may eventually cause the fuse {or the fuse 
lamp) to blow. 


Even with these lamps fitted and the fuse intact, it is still 
possible for one or two lamps to fail to make proper 
contact with their connectors. Even one faulty contact, 
irrespective of the condition of the lamps, will cause the 
chain to fail. Most lamp sets have a rather crude 
arrangement for connecting lamps to their holders, relying 
on a tight push fit and a specially shaped plastic lamp base 
which causes the two bare lamp wires to come into 
contact with two small brass or copper plates within the 
holder. Having been stored for a year in what are probably 
not ideal conditions, the lamps can easily work loose or the 
contacts oxidise resulting in the set failing the following 


Figure 1: a Christmas tree lamp chain, showing a break at X 
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Figure 2: the circuit of the Christmas lamp tester 


year. You are then left scratching your head to try to decide 
on the quickest way to pinpoint the trouble. 

The normal procedure adopted is to start at one end of 
the chain, remove each lamp in turn and re-seat it in its 
holder, testing the whole chain each time to see if this has 
cured the fault. With the older lamps, each lamp will also 
need to be tested to ensure that it has not gone open 
circuit. Typically, the fault will be located in one of the last 
lamps in the chain, Add to this a failure when the set is 
already on the tree, with sharp pine needles sticking into 
your fingers each time a new lamp is removed or fitted, the 
children anxious to get on with decorating the tree and the 
dog sniffing around the base. This is something you can do 
without, isn't it? 

The answer, of course, must be to pick one end of the 
chain and then quickly nip round and start at the other end 
.. in which case the fault will be found in one of the first 
lamps to be tested. If it were only that simple! 


The best present from Santa? 

Surprisingly, the electronic answer is nearly that simple, as 
the following circuit shows. It will enable the problem to be 
pinpointed quickly and easily without the need to 
disconnect all the bulbs or any of the other aggravation. 
Not only that, but the unit will probably be found very 
useful during the rest of the year for a variety of tests on 
fuses, lamps, mains cables and so on. 

Any conductor such as a chain of Christmas lamps 
connected to the mains will have an electric field 
associated with it. This is true even if no current is flowing 
in the conductor, and it will also be the case if there is a 
break in the chain. This circuit is designed to detect this. 
Figure 1 shows a set of lights connected to the mains with 
a break in the circuit at point X due to the lamp being 
blown or not fitted correctly. Beginning at the live terminal 
therefore, the field will exist at points A, B, C, etc. all the 
way along the conductor until point X is reached. At this 
point, there will be no field and the circuit will indicate this 
problem area. All you have to do then is test the lamp, 
clean the contacts or simply push the lamp firmly into its 
holder. If more than one lamp or connector is faulty, the 
first one in the chain will show up. When this has been 
rectified, subsequent ones can be found. 

There is a small problem with this arrangement, and this 
is due to the fact that most lamp sets, if not all, are wired 
exactly as shown in figure 1 and not with the lamps 
spaced equally along whole the length of the conductor. 


The long neutral tail is then twisted around the other 
conductor, so that it is impossible to test one wire without 
the other being present. As long as the chain is connected 
to the mains as shown, with the lamps nearer the live end 
there will be no problem, as it is the Live wire which is 
responsible for the electric field. 

The neutral wire is of course at (nearly) earth potential 
and so the field due to this is at most very small - the 
tester should then respond only to the field due to the Live 
wire and the absence of this field can therefore be easily 
detected. Assuming that the chances of a break in the 
actual neutral wire are small (and indeed, if this were the 
case, the chain would probably not be worth repairing), any 
faults will therefore lie either with the lamps themselves or 
with their holders. With a break at X, all the wires to the left 
of this point will show a field while those to the right will 
not, as they will be at neutral potential. 

lf the chain is connected to the supply the other way 
around, however, with the terminal marked L on the 
diagram going to N and N to L, there would be an electric 
field along the whole length of the chain irrespective of a 
break, because the conductor connected to L would run 
along the whole length of the chain. Of course, on 
Christmas lights both conductors are usually coloured 
green, so that it is impossible, without unravelling them, to 
tell which is which. Should the chain fail to work, but a field 
is nevertheless detected along the whole length of the 
cable, the connections to the chain should be swapped 
either by reversing the plug in the case of a 2-pin mains 
connector, or by re-wiring the mains plug. 


Detecting electric fields 

An electric field can be detected simply by placing a 
conducting probe (that is, a piece of wire or a plate) within 
it. Once in the field, the probe will assume the potential of 
the field at that point. With an alternating voltage, the field 
will of course also be alternating. The problem is to 
produce a meaningful display from this. Connecting a 
normal voltmeter to the probe and earth will not usually 
show a reading because this will load it too much. What is 
needed is a high input impedance buffer or amplifier if we 
want to drive some sort of indicator. 

This circuit consists of a very high gain amplifier with a 
high input impedance consisting of only three transistors, 
two resistors and an LED, as the diagram of figure 2 
shows. The first two transistors are connected as a 
Darlington, giving a combined current gain equal to the 
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Figure 3a: the back of the above layout, showing track cuts 


product of their individual gains. With the devices specified, 
this should be around 10,000. The input impedance will be 
around 10 megohms. 

The current from this is fed directly to the base of a PNP 
transistor which drives the LED, An optional piezo sounder 
can also be connected if an audio indication of the field is 
required. 

The circuit will operate on any voltage down to around 3 
volts, so that any battery from a 9-volt PP3 to two 1.5-volt 
AAA cells can be used although, at the lower voltages, the 
sound obtained from the piezo will not be so loud. The 
current consumption of the circuit, even when it is 
operating, is so small that no on/off switch is required and 
batteries should last for virtually their shelf life. 


Construction and uses 

The circuit is small enough that the unit could be 
conveniently constructed on a piece of strip-board. A 
suitable layout for this is shown in figure 3 but the layout is 
not critical and can easily be altered. Most of the 
components will probably be to hand, but they are all of 
easily obtainable kinds. Almost any other high gain NPN 
and PNP transistors may be used (note that the pin-outs 
may vary) and Darlington transistors such as the BC517 
could also be used in place of the two NPN devices. Note 
the pin-outs of the 2N3904 (figure 4), which differ slightly 
from many other small signal transistors. This should be 
borne in mind if other types are used instead. 

The sensor TP1 | orginally breadboarded consisted of a 
drawing pin connected to the base of the first transistor by 
a short wire. The one on the cased unit (see photograph) is 
simply a strip of strong copper foil folded over the edge of 
the lower part of the case. (We had one of those 
component supply problems here: the technician couldn't 
find a drawing pin.) The sensor is mounted on the outside 
of a plastic box at a convenient point together with the 
circuit which may be secured to the box by means of the 
LED clip as there are no heavy components to be 
supported. The size and internal layout of the box is left to 


the constructor as this will depend to a large extent on the 
type of box available, the battery used and whether a piezo 
sounder is fitted or not. 

\f the two other sensors TP2 and TPS (not on the 
prototype) are also fitted to enable continuity tests to be 
made, these should be connected on opposite sides of the 
box so that they will not be accidentally shorted out if the 
unit is stored in a metal tool box. 

Once construction is complete, the circuit may be tested 
by bringing the sensor close to a cable connected to the 
mains. The LED should light when the sensor is within 3 or 
4 mm of the live conductor. If the sounder is fitted, this will 
give a S0Hz buzz. The circuit does not require any 
adjustment and any fault should be easy to trace. 

The use of this circuit for fault finding Christmas tree 
lights (or tracing any break in a live conductor) is quite 
simple and consists of running the sensor along the chain 
between the lamps until the LED fails to light which will 
indicate the position of the fault. The tester will also be 
useful in general electrical work around the house such as 
testing if a mains cable is live prior to carrying out some 
work near it. This has a great advantage over using, for 
instance, a mains tester screwdriver or a voltmeter, which 
require a direct contact with the conductor, as the insulation 
does not need to be removed. However, you must 
REMEMBER TO TEST THE UNIT BEFORE USE especially if 
any work is to be carried out on a conductor, as the LED 
could fail to lignt because the battery is flat or disconnected 
(for example). It may also not work with cables inside a , 
metal conduit, as these often produce no external field to ; 
be detected. | 

Another function which is often required is testing the 
mains fuse in a plug fitted to an appliance. Plug the 
appliance into the mains socket (make sure the mains 
socket is switched on) and use of the tester will indicate 
whether the appliance cable is live. If it is not, unplug the 
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appliance and check whether the mains fuse has blown. 
Don‘t dismantle mains leads or appliances, even apparently 
"non live" ones, until the appliance is switched off and 
disconnected, 

The tester unit should not be used as a cable detector 
for cables buried in a wall. Although it may indicate the 
presence of a cable, this is not reliable due to its short 
range and other effects such as damp in the wall. 


Testing component continuity 

The versatility of the unit can be increased by providing 
another pair of contacts (shown as TP2 and TPS on figure 
3}, which will enable continuity to be tested. Bridging the 
contacts by touching one pad while holding the box in one 
hand and touching the other with the other hand will cause 
the LED to light by providing a base current for Q3. This will 
allow fuses and lamps to be tested by touching the sensor 
with one lead while holding the component by the other. 
With a bit of practice, diodes, LEDs and even capacitors 
may be tested. Diodes 
and LEDs will cause the 
LED to light when 


: connected one way 
C E around but not the 
other while with 
2N3904 BC558 


capacitors, the LED will 
light briefly as the 
capacitor charges 
although with larger 
values the LED may 
stay on for several 
seconds. 
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Figure 4: the pin-outs for the 
2N3904 and BC558. Other 
transistors can be used, but note 
that the 2N3904 has a slightly 
unusual pin arrangement and adjust 
accordingly if substituting 
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With electrolytics which have a higher leakage current, the 
LED may remain on with a reduced brightness while smaller 
capacitors (less than 100nF) may not light the LED for long 
enough to be noticed. If the test points are shorted 
together, the maximum current will be limited by R1 to 
around 9mA with a 9-volt battery so that semiconductor 
junctions may be tested safely. LEDs connected directly to 
the test points will light if connected the right way around 
(cathode to TP2) so that the polarity of diode components 
can also be determined. 

Unlike many Christmas presents which may lie forgotten 
after a few days or weeks, this one could still be in use the 
following November and turn out to be the most useful 
present from Santa - even if you had to make it yourself! 
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This meter measu 


fet 


actual power, rather than volt-amperes. Designed to measure 


Power 


GG 


audio power delivefed to a loudspeaker, it can measure ac (or dc) power over a 


easuring the output power of an audio amplifier is 

something that is actually quite easy in principle if you 

are prepared to do some simple arithmetic and use 

accurately known load resistances, Power is equal to 

voltage multiplied by current, so it is basically just a 
matter of measuring the output voltage from the amplifier, and then 
using Ohm's Law to calculate the current. Multiply the output 
voltage by the output current and you have the output power of the 
amplifier. 

Matters are not quite so straightforward when using an actual 
loudspeaker rather than a resistor to act as a dummy load. Although 
a loudspeaker may have a nominal impedance of (say) 8 ohms, it 
represents a complex load having impedance which varies 
significantly with changes in frequency. This is partly due to the fact 
that the coil of a moving coil loudspeaker is inevitably inductive and 


wider than the audio frequency band. 


Robert Penfold 


does not provide pure resistance. It is also due to the mechanical 
nature of a loudspeaker, complete with its mechanical resonances 
and all the rest. A loudspeaker does not provide a straightforward 
load that can be expressed in terms of simple inductance and 
resistance, You can calculate the output power of an amplifier 
working on the basis of the loudspeaker genuinely having its 
marked impedance, but the power rating derived using this method 
could be well wide of the mark. It is for this reason that power-rating 
measurements are normally made using a resistive dummy load and 
not a loudspeaker. 

Life would clearly be much easier if audio output power could be 
measured using a piece of test gear that measured the true output 
power regardless of whether the load was resistive, capacttive, 
inductive, or any combination of these. It would also be helpful if it 
did the calculating for you and provided a direct readout of output 
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Figure 1: the audio power meter block diagram 


PEAK HOLD | 


METER 


Lowpass. BUFFER | 
FILTER AMPLIFIER | 


power. This is precisely the function of this project, which measures 
average output power from zero to 100 watts. The reading is 
provided on a moving coil meter that has a normal forward-reading 
linear scale. Consequently, there is no need to recalibrate the scale. 
The unit is powered from a 6-volt battery, which means that none of 
the inputs of the unit are earthed. It should therefore work perfectly 
well with amplifiers that have neither output at earth potential, such 
as bridge types. 

The current measuring section of the circuit places 30 milliohms 
in series with the output of the amplifier. Any additional resistance in 
series with the load is clearly undesirable, but the power loss 
through the unit is less than one percent with a four ohm load, and 
is only 0.375 percent with an 8- ohm load. This is totally insignificant, 
as is the affect on the damping of the loudspeaker. The unit can 
therefore used to monitor the output of an amplifier while it is in 
normal use without producing any significant degradation in 
performance. In order to calibrate the unit a high-power 4- or 8-ohm 
dummy load is required, together with a meter capable of 
measuring AC voltage accurately. 


System operation 

In order to produce an output power reading, the circuit must 
measure the output voltage and current multiply the two readings 
together, and then average the resultant signal to produce a DC 
output voltage. This voltage is proportional to the average output 
power of the amplifier. It is possible to obtain the desired effect using 
digital or analogue techniques, but the design featured here uses 
purely analogue circuitry. The block diagram of figure 1 shows the 
general scheme of things used in this output power meter. 

The power meter is added into the two leads, which connect the 
output of the amplifier to the loudspeaker or dummy load. This 
enables both voltage and current to be measured. R17 is included in 
series with one of the leads, and the voltage developed across this 


Figure 2; with in-phase input signals the multiplier provides 
frequency doubling and effectively full-wave rectifies the input signal 


resistor is proportional to the current flowing through it. The value of 
R1 must be very low so that it does not significantly add to the load 
impedance or significantly impair the damping factor of the amplifier, 
but this gives only a modest signal voltage even when high output 
Currents are present. An amplifier is therefore used tc boost this 
signal to a level that will drive the multiplier property, The other input 
of the multiplier is fed with the output voltage from the amplifier, but 
at high output powers this signal will exceed the maximum usable 
input voltage for the multiplier. In fact it could be high enough to 
damage the multiplier chip. An attenuator reduces the input voltage 
to a more suitable level for the multiplier, and a limiter circuit ensures 
the safety of the multiplier chip if a severe overload should occur. 


Phase relationships 

When the load is purely resistive the inputs to the multiplier will be in 
phase, as in the top waveforms of figure 2. Although one might 
expect the output waveform to be much the same as that of the 
input signals, this is not the case, The output is actually at double 
the input frequency. The salient point here is that multiplying two 
negative quantities produces a positive result. This produces positive 
peaks on the output signal for both the negative and positive peaks 
at the input, and a consequent frequency doubling action. Of more 
importance in the present context, the output signal is always 
positive. There is no need to provide any rectification prior to 
smoothing the signal to produce a DC output level. The output of 
the multiplier can be fed direct to the lowpass filter. 

If the load is not purely resistive, but includes capacitive and/or 
inductive reactance, the voltage and current signals will not be 
precisely in phase. In an extreme example the two input signals 
would be 90 degrees out of phase, giving the waveforms of figure 
3. This still gives a frequency doubled output signal, but we are now 
multiplying voltages that have mixed polarity for 50 percent of the 
time. This means that the output signal is negative for 50 percent of 
the time, and the average output voltage is zero. The circuit 
therefore registers Zero output power. This is correct, because the 
power supplied to the load on one set of half cycles is being 
returned on the other, and there is no power dissipation in the load. 
The output current that flows is so-called "imaginary" current, and 
not the "real" output current that flows into a resistive load. Whatever 
combination of resistance, inductance, and capacitance the load 
provides, this power meter will ignore "imaginary" output current and 
accurately reflect the true output power of the amplifier. 

Retuming to the block diagram of figure 1, the lowpass filter 
smoothes the output from the multiplier to produce a DC output 
potential that is proportional to the average output power of the 
amplifier. The time constant of the filter is kept reasonably short so 
that meter responds quickly to changes in the power level, but with 
some types of input signal this could give rapid movements from the 
meter's pointer, making it difficult to read. A peak hold circuit is 
therefore used between the output of the lowpass filter and the 
input of the meter circuit. This has a fast attack time but a much 
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Figure 3: with the inputs 90 degrees out of phase the average 
output power is zero 


lower decay time, so that peak readings are displayed long enough 
for them to be read easily. The unit therefore reads in terms of what | 
suppose could be terrned peak average output power, but not peak 
output power. A buffer amplifier ahead of the meter circuit ensures 
that the peak-hold circuit operates into suitably high load 
impedance. 


Power supply circuit 
Ideally the unit should be battery powered so that it is "floating", with 
no part of the circuit earthed. Unfortunately, the circuit requires dual 
balanced 15-volt supplies, which makes direct battery power rather 
impractical. These days there are no difficulties in deriving this type 
of supply from a low voltage battery using a switch mode power 
supply. The supply circuit used here (figure 4) is based on the 
Maxim MAX743 switch mode power supply chip, which can be set 
to provide dual balanced 12- or 15-volt supply rails. In this case 15- 
volt supplies are required, and the relevant control input at pin 11 is 
therefore connected to the O-volt rail. A 4.5-volt battery is not quite 
up to the task of powering this circuit, but a 6-volt battery would 
exceed the maxirnum permissible input potential of 6 volts. The 
output voltage of a fresh 6-volt battery is actually about 6.4 to 6.5 
volts. A 6-volt battery is used to power the circuit, but rectifier D1 is 
included at the input to provide a voltage drop of about 0.6 to 0.7 
volts. This ensures that IC1 is kept within its proper working limits. 
This is not really the place for a detailed discussion of switch 
mode power supplies, but the basic way in which this circuit 
functions is quite straightforward. Generation of both the boosted 
positive supply and the negative supply is reliant on the fact that a 


D1 
1N4002 


high reverse voltage is produced when power is removed from an 
inductor. L1 is the inductor used to generate the boosted positive 
supply, and an internal switching transistor of IC1 repeatedly 
connects this across the input supply and disconnects it again. 
Each time the transistor is switched off, a high positive potential is 
produced at the bottom end of L1. This is coupled through D2 and 
into smoothing capacitor C7. D2 prevents C7 from being 
discharged when the transistor is switched on again. A regulator 
action is built into the switch mode supply, and this senses the 
output potential via pin 16. The negative supply is generated in a 
similar fashion, with L2 being connected across the input supply via 
another internal transistor of C1. The top end of L2 goes negative 
each time this transistor switches off. The negative pulses are 
coupled to smoothing capacitor C8 via D3, and the feedback input 
of the regulator circuit is at pin 9. The other capacitors are various 
decoupling and compensation components. 

The circuit provides well stabilised output potentials, and the 
MAX748 can handle output currents of up to 100 milliammps. In this 
case the output current is little more one tenth of that figure, but the 
voltage step-up provided by the circuit means that the input current 
is much higher than the output current. The MAX743 provides the 
high efficiency associated with switch mode supplies, and the drain 
from the four AA cells is only about 100 milliamps or so. This should 
give around 20 hours of operation from each set of four AA cells. It 
would probably be more economic to use larger cells if the unit will 
be left running for long periods. If mains power is preferred, the 
easiest solution is to use a 5-volt regulated battery eliminator as the 
power source. This must be a type having a properly regulated 
output, and it must be rated at about 150 miliamps or more, Do not 
use a non-regulated five-volt battery eliminator as this could result in 
damage to IC1. 


The main circuit 

The main circuit for the audio power meter project appears in figure 
5. R11 is the resistor in series with the load, and !C2 is the amplifier at 
the current input. This is a straightforward non-inverting amplifier 
having a voltage gain of just under 50. The bifet operational amplifier 
specified for IC2 provides a good combination of low noise 
performance and DC accuracy. Its output feeds the appropriate 
input of the multiplier via a simple lowpass filter (R4 - C9), but this 
fitter has no significant affect at audio frequencies. It is intended to 
prevent any stray pick up of radio frequency signals from reaching 
the multiplier and causing erroneous results. The multiplier wil 
accept input signals of up to 10 volts peak (positive and negative}, 
which equates to a peak input current of just under seven amps. 
Note that the unit can only operate 
properly if the peak input current is kept 
within this limit. 

Resistors R5 and R6 form the 
attenuator at the voltage input of the 
multiplier. The maximum input potential that 
the circuit can handle is 43 volts peak, or 


axteiae some 86 volts peak to peak. Once again, 
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Figure 4: the circuit diagram for the supply voltage generator 


the unit can only function correctly if the 
input signal is kept within these limits. The 
back-to-back zener diodes provide a 
simple limiter action in conjunction with R5, 
and limit the maximum input voltage to the 
+ multiplier at approx 12.7 volts. C10 is the 
radio frequency fitter capacitor at the 
voltage input of the multiplier, The multiplier 
is accurately scaled internally to provide an 
output potential that is equal to (X * Y}/10. 
For example, with 6 volts at input X and 5 
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Figure 5: the main circuit diagram for the audio power meter 


volts at input Y, 3 volts is produced at the output (6 * 5 = 30, 30/10 
=3). The guaranteed precision of the AD633 makes it easy to obtain 
accurate and repeatable results. Of course, the choice of which 
input handles the current signal and which handles the voltage 
signal is purely arbitrary. Whether you multiply voltage by current or 
current by voltage you end up with the same answer! In this case 
the voltage signal is applied to the X input, and the current signal is 
applied to the Y input. The AD633 actually has two sets of 
differential inputs, but this facility is not required in the present 
application. Therefore, the two inverting inputs are simply connected 
to the zero volt supply rail. There is a summing input at pin 6, but 
this is of no use in this application and is also connected to the O- 
volt supply rail. The AD633 is not totally free from the usual DC input 
and output offset voltages, but these are too small to be worth 
trimming out. In this application the meter reading falls to an 
insignificant level long before the offset voltages start to have a 
noticeable affect on accuracy. 

R7 and C11 form the lowpass fitter at the output of the multiplier. 
The time constant of this network has been kept quite short so that 
the unit has a fast response time. Some users may prefer to use a 
longer time constant, and this is easily achieved by increasing the 
value of C11. Operational amplifier |C4 is used in a standard peak- 
hold circuit which has D6 to prevent capacitor C12 from discharging 
into the output circuit of IC4. The diode is included in the negative 
feedback circuit so that the feedback compensates for the non- 
linearity through the diode. The relatively low value of resistor R9 gives 
the circuit are fast attack time, and the very much higher value of R8 
produces a much slower decay time. With a rapidly changing input 
level this holds peak readings long enough for them to be easily read. 
IC5 is used as the buffer amplifier anead of the voltmeter, and this 
ensures that the meter circuit places minimal loading on C12. Preset 
potentiometer RV1 enables the sensitivity of the voltmeter to be 


varied, and acts as the calibration control. D7? and D8 protect the 
meter if IC5 should produce an excessive output voltage. 

As a point of interest, the circuit is DC coupled throughout, and 
will therefore measure DC powers that are within its maximum 
voltage, current, and power limits. 


Construction 

The component overlay for the printed circuit board is provided in 
figure 6. This also shows the small amount of hard wiring. R11 is not 
mounted on the circuit board, but is instead connected direct 
across sockets SK2 and Sk4 so that the resistance in series with 
the load is minimised. This method also avoids having any high 
currents on the circuit board. Construction of the circuit board is 
largely straightforward, but bear in mind that the MAX743 is a MOS 
device, and that the usual antistatic handling precautions must be 
observed when dealing with it. The AD633 is not a cheap 
component, and it should be fitted in a holder rather than being a 
soldered direct to the board. In fact, | would strongly recommend 
using holders for all the integrated circuits. 

Several of the components in the switch mode power supply 
circuit are worthy of special mention. The MAX743 itself is available 
from Maplin, as are the 1N5817 Schottky diodes. There are definite 
advantages to Schottky diodes in switch mode power supplies due 
to their low forward voltage drops and fast switching times. Ordinary 
silicon rectifiers would at best give very much reduced efficiency, 
and might fail to work at all in this circuit. Inductors L1 and L2 must 
be miniature radial components intended for operation in switch 
mode power supply circuits. Due to the very low output currents 
involved here there is no need to opt for high current inductors. In 
fact high current components are unlikely to fit into the available 
space. Simple radio frequency chokes are unlikely to work 
adequately in this application, and could result in damage to IC1. 
Maplin "miniature radial lead inductors" are used on the prototype, 
but any similar components should work equally well. Smoothing 
capacitors C7 and C8 must be low ESR components, and efficient 
operation of the circuit cannot be guaranteed using bog-standard 
capacitors. Note that IC1 may be destroyed if the circuit is 
operated with C7 or C8 absent. The AD633 is available from 
Farnell. 

Any medium-sized metal or plastic instrument case should 
comfortably accommodate this project. The meter and on/off switch 
are mounted on the front panel, and the four sockets are fitted at 
the rear of the unit. In practice the four "sockets" will have to be 
spring connectors or some other form of heavy-duty connector that 
is suitable for use with high power amplifiers and loudspeakers. As 
pointed out previously, R1 is mounted between SK? and SK4. 
There should be no difficulty connecting it reliably, provided the tags 
of the sockets and the leadouts of R1 are generously tinned with 
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Figure 6: the component overlay and small amount of hard wiring 


solder prior to making the connections. Sockets SK1 and SkK3 are 
linked by an insulated wire that must be a heavy-duty type capable 
of carrying currents of several amps. 

Fitting the meter on the front panel is rather awkward, as a large 
round cutout of about 38 millimetres in diameter is required. The 
slow way of making this cutout is to use a miniature round file, 
coping saw, or something of this general type. Unless you are very 
skilled at this type of thing it is better to cut just inside the line 
marking the required cutout, and then file out the hole to exactly the 
required size using a large half-round file. The quick way is to use 
one of the hole or "tank" cutters that are available from most DIY 
superstores. These can be adjusted to cover a wide range of hole 
sizes, and will complete the task in a matter of seconds, However, 
they are only usable in something like a brace or a power drill that 
can produce very slow rotation speeds, 

The printed circuit board is mounted on the base panel of the 
case, leaving sufficient space for the battery pack to the rear or to 
one side, depending on the design of the case. The board is 
mounted using the usual plastic stand-offs or mounting bolts plus 
spacers. To complete the unit the small amount of hard wining is 
then added. 


As described here, the meter can only monitor one output of a 
stereo amplifier. For stereo operation it is basically just a matter of 
making up two units, one for each stereo channel. If desired, the 
two circuits can be housed in one large case, with a common 
orv/off switch having separate poles for the two circuits. It is 
preferable to keep the two circuits electrically isolated from one 
another so that problems are avoided when testing awkward 
amplifiers such as bridge types. This means having a separate 
battery and switch mode power supply for each channel. 


Calibration 

In order to calibrator the unit it is necessary to use the basic set up 
outlined in figure 7. The signal generator feeds a sinewave signal 
into the audio amplifier, which drives a resistive load (not a 
loudspeaker) via the power meter. An AC voltmeter monitors the 
voltage across the load so that the audio output power can be 
calculated. The test frequency should be chosen to be within the 
frequency range which the AC voltmeter can measure accurately. If 
the specification of the meter is not available, it is a safe 
assumption that it will be designed to work well at mains 
frequencies, and that 100Hz should cause no problems. 

To calculate the output power simply square the output voltage 
and then divide this figure by the load impedance in ohms. In order 
to calibrate the unit accurately it is necessary use an Output power 
that represents something like 50 to 100 per cent of the full-scale 
reading, or around 50 to 100 watts in other words. Presumably 
anyone building a project of this type will have access to suitably 
beefy power amplifiers. 

The resistor used for the dummy load must have a power rating 
that enables it to take the calibration power without sustaining any 
damage. In practice this means using several resistors connected 
in series or parallel, or using a single high-power resistor having a 
close approximation to the required value. Note that high power 
resistors are normally reliant on a large heatsink, and should not be 
operated close to their maximum power ratings unless fitted on a 
suitable heatsink. The resistance of the dummy load should 
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obviously be approximately equal to the normal load resistance of 
the amplifier in use. This will normally be either 4- or 8 ohms. An 8- 
ohm dummy load could consist of eight 1-ohm 10 watt resistors 
connected in series (giving a total power rating of 80 watts}, or a 
single 10 ohm 100 watt resistor. A 4.7 ohm 100 watt resistor is 
suitable for amplifiers that require a 4-ohm load impedance. When 
calculating the output power of the amplifier remember to use the 
actual impedance of the dummy load and not the amplifier's 
specified load impedance. To be strictly accurate the 30 milliohms 
of R1 should be added to the load resistance, but the resistance of 
R1 is so low that its affect is not really significant. If you have a test 
meter that can measure very low resistances accurately, it is 
possible to improve calibration accuracy by measuring the 
resistance of the dummy load rather than trusting its marked value. 
The tolerance on high power resistors is normally five percent, 
incidentally. 

As an example of calibrating the unit, suppose that a 10-ohm 
100-watt resistor provides the load. Adjusting the controls of the 
signal generator and the amplifier to provide 30 volts across the 
load would give an output power of 90 watts (30 * 30 = 900, 
900/10 = 90 watts). RV1 in the power meter circuit would then be 
adjusted for a reading of 90 on the meter. 

If required, the full-scale value can be reduced or increased by 
altering the sensitivity of both the current and voltage sensing 
circuits. Bear in mind that it is not simply a matter of (say) halving 
the sensitivity of both circuits in order to double the full-scale value. 
This is something where the square rule applies, and doubling the 
full scale input voltage/current quadruples the full-scale power 
reading. To obtain a full scale value of 200 watts the full scale 
voltage and current would have to be increased by a factor of 
1.414 (the square root of two). This requires R5 to be increased to 
a value that raises the total resistance through R5 and R6 by a 
factor of 1.414, which works out at 6.08k. R5 would therefore have 
to be increased to just over 5k, and 5.1k is the nearest preferred 
value. The sensitivity of the current sensing circuit can be reduced 
by lowering the closed loop voltage gain of the input amplifier (IC2) 
or by reducing the value of R1. Reducing the value of R11 is 
preferable as it keeps dissipation in this component to a minimum. 
Finding a suitable component might be difficult, but adding a 
resistor in parallel with R1 provides an alternative. Adding a 0.05- 
ohm resistor in parallel with R1 gives a combined resistance that is 
slightly too low, but raising the value of R2 to 56k would 
compensate for this. 

Reducing the full-scale value to 20 watts requires a five fold 
increase in sensitivity, which means an increase in sensitivity by a 
factor of 2.24 (the square root of five} at each input. A large 
increase in the voltage gain of IC2 is undesirable because it could 
produce problems with offset voltages and generally compromise 
performance. Raising the value of R1 is also undesirable, as it 
could significantly reduce damping of the load. Probably the best 
solution is to use a mixture of increased gain and a higher value for 
R1. A value of 0.05 ohms for R1 and 68k for R2 should give 
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Figure 7: the setup used when calibrating the audio power meter 


DUMMY 
LOAD 


satisfactory results. This would accommodate a maximum current 
of just under three amps. The total resistance through R5 and R6 
would have to be reduced by a factor of 2.24, giving a figure of 
1.92k. R5 would therefore have to be reduced to 910 ohms, which 
would accommodate input potentials up to 19 volts. 


R2,9 
R3,4,6 1k 
R5 3k3 

R7 470k 
R8& 2M7 


R10 

RV1 

Capacitors 

C1,6 10n disc ceramic 
C2 10u 25V radial elect 
C3,7,8 100u 16V low ESR 
C4,13,14 100n disc ceramic 
C5 1u 50V radial elect 
cg, 10 in polyester 

C11, 12 100n polyester 
Semiconductors 


IC MAX743 
Ic2 LF351N 
Ic3 AD633JN 
Ic4 TLO7iCN 
Ic5 741C 
D1 1N4002 
D2, 3 1N5817 
D4 to DS 1N4148 
Miscellaneous 
swi Rotary on/off switch 
| ME1 100uA moving coil panel meter 
=. 81 6V (4 x AA cells in holder) 


_$K1 to SK4 © 2-way loudspeaker connector 
Li, 2 100uH 
_ Plastic or metal instrument case, printed circuit 
_} board, 4 x 8-pin dil holder, 16-pin.dil holder, 

- control knob, battery connector (PPS type), wire, 
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he Vigilante was designed to help protect my 

car from accidental damage when parked at the 

roadside overnight. The law says that a car can 

be left at the roadside at night without its lights 

on under certain circumstances, but even then 
there is always a risk of another driver not seeing it until too 
late. Although it is preferable to leave a parking light on 
overnight, the continuous drain of around 2 amps for up to 
fifteen hours at a time in the winter can play havoc with the 
battery, so that the car will not start in the morning - playing 
havoc with your day. 

This project was designed to detect an approaching car 
from the rear of your car by detecting the oncoming 
headlights. When the photo sensor detects a light, it 
switches on the parked car's side lights for a period of time 
that is pre-settable; both near and offside lights can be 
activated, although some cars only have an offside parking 
light facility. 


The circuit in detail 

The circuit of the Vigilante is shown in figure 1, and the 
component layout in figure 2. The Vigilante uses a modern 
mini photocell which is available from all main component 
suppliers such as Rapid, Maplin, ElectroMail and so on. 
Unlike the old "ORP 12" and similar devices that required 
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loads of candle power to turn on or conduct, this little 
beauty reads over 1 megohm in total darkness, falls to 
around 20 kilohms at light levels where it is just possible to 
read its resistance on a liquid crystal multimeter display and 
falls to below 5k in bright sunlight. Somewhere in that range 
is near total darkness but a noticeable reduction in 
resistance when in the outer limits of a car's headlights. To 
reduce the effect of background light such as moonlight or 
distant street lamps and to focus the photo cell on to traffic 
approaching from the rear, the LDR is mounted on the PCB, 
but at least 20mm from the hole in the outer box (figure 3). 

When light does fall on the photo cell or LDR | the 
voltage across it falls; this is due to the potential divider 
effect of Ri, RV1 and the LDR. 

If R1 and RV1 stay the same but the resistance of the 
LDR decreases, the voltage fed to pin 3 of IC1 must fall. R4 
produces some level of hysteresis, which stops the Vigilante 
from triggering several times at dusk and dawn as the 
natural light levels change slowly. 

The effect of R4 is that, starting in dark conditions, the 
LDR has a high resistance and R1, RV1 relatively low so the 
output of IC1 is high. R4 is now effectively across R1/RV1, 
making it even lower. However, when light falls on the LDR 
its resistance falls below that of R1, RV1/R4 and the output 
of IC1 goes low, causing R4 for all intents and purposes to 
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LED +VE 


VIA PRESS 
SWITCH 
vow 
FS1 
03 +12V 
5 LEFT TAIL LIGHT 
6 RIGHT TAIL LIGHT 
ce eics 
O.1p 100p 
94 OV OR CHASSIS 
ALL EXTERNAL CONNECTIONS TO THE PCB 
ARE VIA 0.2" SCREW CONNECTOR BLOCK - 
EITHER 1 x 6 WAY OR 3x 2 WAY 02 LED —VE 


Figure 1: the circuit of the Vigilante. The normally closed contact of the relay is not used 
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the high to low transition of IC1. 

SMALLOR LARGE O1yF MOUNT ICs IN R7 maintains the high condition 

| HOLDERS the rest of the time, allowing the 

+: aoe } Tienes 555 to time out. D1 prevents any 
! spikes generated from damaging 

the 555, 

The output of the 555 is 
limited to around 200 mA, which 
is not enough to power the side 
lights of a car directly. Around 2 
amps steady current is required, 
so some sort of power switch is 
needed. Normally a solid state 
solution is better than one that 
contains moving parts, Output of 
the 555, pin 3 could be 
increased with the use of a 
power transistor or darlington, 
and a couple of amps steady 
state is no problem. However - 
and this must be taken into 


MAY DIFFER IN APPEARANCE 


FRONT TO FACE 
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BOX “S| 
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— |\35mm 0 
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Figure 2: the component layout of the Vigilante pcb consideration - when a light bulb 
be across the LDR, and reducing its effective resistance in turns on, it draws several times its normal current because 
the potential divider. Although this change is relatively small, the element is cold. This high initial current is why mains 

it has the effect of accelerating the voltage swing at pin 3 of ~ bulbs normally fail on switch-on and seldom fail in 

{C1 through the threshold of half volts set by R2/R3 (see continuous use. In this case we have four bulbs in parallel, 
figures 4a and 4b). so the initial switch on current could easily be 10 amps or 


The output of the op amp IC1 is capacitively coupled to 7 
the input of IC2. IC2 is a 555 timer wired in monostable : 
mode, the time constant of which is set by R9 and C3; this ¢ Switches on your parking: n 
may be altered to suit prevailing conditions. Reducing the . when traffic is detected from b 
value of RQ shortens the time period that the car's lights are 
on and increasing it lengthens the time period. !C2 must be 
capacitively coupled to IC1 or, under daylight conditions, 
the output of IC1 being low would cause the input pin 2 on 
the 555 to be low. This would prevent it from timing out, 
causing the car's lights to stay on, rather defeating the 
object. Using C1, only a low pulse is generated at pin 2 by 


DRILL OUTER BOX TO | 


MOUNT LDR PROUD OF PCB SO AS TO BE NEAR TAKE MOUNTING BOLTS 
THE MIDDLE OF THE DEPTH OF THE BOX 1Omm x M3 - COUNTERSUNK POSITION OF LDA 
| a \ AND HOLE 
j \ ‘. 


f 


sy 


HOLE DOWN 
FROM CENTRE 


NOTE: THE BOARD IS NOT MOUNTED IN THE MIDDLE OF THE BOX, 
BUT RAISED UP TO ALLOW MORE ROOM FOR THE WIRES AND 
BACK TO ALLOW ONLY DIRECTED LIGHT TO THE LDR 


Figure 3: mounting positions for the pcb in its box 
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AS OUTPUT OF OP AMP IS HIGH 
{INPUT PIN 3 ABOVE 6V OUTPUT HIGH) 


= 


RESISTANCE 


IN LIGHT R4 IS ACROSS LDA1 
AS OUTPUT OF OP AMP IS LOW 
(INPUT PIN 3 BELOW 6V OUTPUT LOW) 


Figure 4a and b: hysteresis around IC1 


more, albeit for a fraction of a second, so an extremely high 
power device would be required. It would have to be driven 
hard in order to make sure that when turned on there was 
no appreciable voltage across it, to reduce any heating 
effects. 

A far easier solution in this case is to use a relay, which 
can be quite small yet switch very heavy currents, with no 
heatsinking required. The one chosen is a small, relatively 
cheap and very reliable single pole two-way, although only 


one way, normally open, is used, The relay’s output goes to 
two forward-biased power diodes, D4 and D5. The reason 
for this is that in some modern cars the nearside and offside 
lights are not connected directly together and if connected 
could adversely affect the electrical system. To prevent this 
direct connection, these two diodes will allow both sides to 
light up when powered by Vigilante, but still retain their 
independence when powered by the car's own electrical 
system, 

A built-in fuse is a safety precaution and under 
normal conditions it should never fail, but as 
extremely high currents are available, one can never 
be too careful. 

Having opted for a relay to do the switching, a couple of 
safety precautions are required. The working part of the 
relay is the coil, which is in fact an inductor, although it has 
a resistance of around 300R. Inductors are strange, 
because when they are placed across a voltage almost no 
current flows at once, but then the current builds up to a 
steady state. Even more strange, when switched off they 
generate a voltage opposite to the one that has powered 
them. This voitage produced by the coil is called back EMF 
(electromotive force), and without the presence of the 
protection diodes it can give quite a kick. To prevent this 
induced voltage from doing any damage to the 555 which is 
powering the coil, two diodes are used. One of these, D3, is 
across the relay; this is normally reversed biased to the 
voltage powering the relay. The other, D2, is in series with 
the relay. This is normally forward biased. These protective 
diodes prevent the back EMF from getting into the 555 and 
dump it safely into the supply. 


Setting up and testing 
After the PCB has been assembled and cleaned it should 
be inspected for dry joints, unsoldered joints, shorts and all 
the usual suspects. All components should be checked; the 
diodes, IC1, IC2, the transistor and C3 are all polarity- 
conscious and must be mounted the right way round. When 
you are happy that everything is OK, set RV1 provisionally in 
the mid-position. If you set it to minimum resistance, even a 
searchlight aimed at the circuit would not trigger it! 

A 12-volt bench supply can be used to power the 
Vigilante while testing it, because even with the relay 


COVER OR LEAVE 
LDREXPOSEDTO___ 
TEST =i 


+12V DC SUPPLY 100mA 


FUNCTION 
+VE TOLED 
-VE TO LED 
+12V IN 


| CONNECTED TO 
LIGHT MONITOR 
LIGHT MONITOR 
POWER IN VIA SWITCH 


OV IN GROUND OR CHASSIS 


LEFT OUTPUT 
RIGHT OUTPUT 


TAIL LIGHT 
TAIL LIGHT 


LED1 - INDICATES OP AMP OUTPUT — DARK OFF 
LIGHT ON 


LED2 — INDICATES OP RELAY ON- LED 2 ON 
RELAY OFF LED 2 OFF 


Figure 5: the Vigilante test circuit (not all components shown). 
This simple test circuit tests the output at pin 6. To test pin 5 
output remove wire from pin 6 and connect to pin 5 
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Figure 8: LED? option, plus ON/OFF LED 


energised the total current consumed by the PCB is only 
about 50mA. 

The final setting of RV1 is done basically by trial and 
error. A simple test circuit is shown in figures 5 a and b. To 
help with setting, LED1, which is powered by Q1, indicates 
the status of IC1. If |C1's output is high the LED is off, that 
is, the LDR says "dark". The LED comes on when the LDR 
senses light (such as an oncoming car's headlights). 

LED1 can be permanently wired or can be omitted once 
the circuit is up and running; another idea, as its only use it 
to aid with setting up RV1, is to wire it through a press-to- 
make switch so that it only comes on when the switch is 
pressed (see figure 8), 

When the LDR is fully covered, LED! should extinguish 
and when a little light falls on the LDR, LED1 should come 
on. The trial and error bit comes in judging the light 
expected when the Vigilante is installed, RV1 is adjusted as 
required (once installed it can be readjusted, all we are 
doing now is getting the feel for it and testing that 
everything is working). As soon as the LDR is covered again 
LEDI goes out immediately. During this time, odd clicks will 
have been heard from the relay but it is hard to judge what 
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a LED1 ONIN LIGHT CONDITION (CAR COMING) 
# OFF IN DARK CONDITION 


PRESS TO MAKE SWITCH MAY BE USED 
0 $O LED 1 ONLY COMES ON WHEN Swe 
swe PRESSED OR LED 1 CAN BE WIRED 
DIRECTLY 


* MAKE SURE THERE IS NO LIGHT FEEDBACK FROM LED1 TO THE LDR 


Figure 6a: wiring to the car: four wires required. Separate left and 
right car sidelights 


is happening just from them. By using LED? and the 1k 
resistor RA (figure 5a and b), the relay can be monitored. 
Once the LDR is triggered by light, both LEDs come on; as 
soon as the light is removed LEDi goes out but LED? stays 
on until the 555 times out; this time-out period is set by R9 
and can be changed, as discussed earlier. 


Installation 

Once the circuit has been tested and a feel for the setting of 
RV1 established, the Vigilante is ready to be mounted in the 
car. When it is mounted, the hole for the light to enter must 
always be pointing in the right direction to detect oncoming 
traffic. This will vary depending upon the road in question. 
Traffic may come directly from behind, or, if the road has a 
bend, it may approach at an angle. Before drilling holes in 
the parcel shelf or wherever, it is a good idea to wire the 
Vigilante in and test it under night conditions before finally 
mounting it. It does not have to be mounted at the back of 
the car. It can be mounted on the dash so long as it has 
line of sight out of the back window. Once the position has 
been chosen, the Vigilante can be wired as required. 

On cars with all four side lights connected together only 
three wires are required (figure 6a), On cars with separate 
wiring for rearside and offside, all four wires are required 
(figure 6b). It is recommended that both rear lights are 
wired, because if the offside lights only are used, inevitably 
some twit will try to drive up the inside. 

To locate the correct wires in the car's electrical system 
the manual for that particular car should be consulted. This 
should not only give the full wiring circuit, but should also 
give the colours of the wires. If in any doubt, always ask a 
qualified engineer. After fitting the Vigilante, all the car's 
electrical system should be checked just to make sure no 
wires have fallen off or been damaged. Vigilante's power 
switch can normally be mounted in one of the spare switch 
positions found in most cars; these are pre-formed and cut 
in the dash but fitted with a plastic cover. Remove the cover 
and obtain a similar-looking switch from the dealer garage. 
A single pole on-off, capable of handling 5 amps, is all that 
is required (figure 7). A monitor LED can be wired as 
shown in figure 7, and some switches already have one 
built in. 
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Figure 6b: wiring to the car: three wires required. Left and right 
lights are joined within the car 
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Figure 7; wiring an LED to indicate that the Vigilante is switched on 


If there is no provision for extra switches a bracket, bent 
and drilled, can be made or bought from somewhere like 
Halfords and fitted under the dash. When wiring, always use a 
stranded wire well above the expected rating; in this instance 
use 32/0.2mm, which has a rating of 6 amps, well above the 
expected current of 2 amps. If the wires have to pass through 
metal bulkheads or similar, always use rubber grommets to 
ensure the wires are not damaged by the sharp edges of the 
metal. Again, if in doubt, always ask a qualified engineer. 

It goes without saying that all wires should be hidden for 
neatness and safety; if any wires are exposed they should be 
covered in something like spiral wrap to help protect them and 
provide extra strength. 
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Hand Held Serial Memory Management Unit. Read, Write, Copy, Edit & Store 

24001 02.04.08, 16,32,65,93C06,26,46,56,66 Found in Car Radios & Dashboards, Satellite, 
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UNIVERSAL PIC PROGRAMMER £49.95 
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P/PUK, EEC £4.00 NO VAT CHARGED 
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DELUXE SMARTCARD PROGRAMMER £79.95 
Read/Write/Copy ALL types of Smartcard ISO, Memory, PIC, GSM, VideoCrypt, 
Telephone, D2Mac, etc. Supplied with interesting Card information, and software. 
MEGAPROM EPROM PROGRAMMER £69.95 
Programs up to 8 Meg devices (32pin), including EEprom, FLASH and 24X series. Built 
in Ram tester. Universal quality ZIF socket, free software updates. 

PIC ICE £59.95 
In Circuit Emulator for 54/55/56/57/7 1/84 PICs. A/D emulated for 16C71. 

Supplied with leads, manual and hardware projects, 

PICI2C508/9 ICE and PROGRAMMER £59,95 
In Circuit Emulator and programmer. Supplied with Software, Data sheets Manual, Jeads, 
10 breadboard circuits which include DVM, Stopwatch, Smoke Alarm, Sound & Light. 
CODEMASTER £99,985 
Hand Held D2mac / VC2 programmer 32 Char LCD screen & Keyboard. Store up to 7 
Cards in unit. Supplied with Latest D2mac, VC2 Codes. 

P87/CS1/52 PROGRAMMER £59.95 


Read/Wnite/Copy all makes of 87C51/S2 including ATMEL 89 Flash types. Supplied with 
Assembler, and BASIC compiler (produces 80551 M/Code). Smart case, 40 pin ZIF. 


ALL PRODUCTS REQUIRE AN IBM PC TO OPERATE UNLESS OTHERWISE STATED, 
FOR FURTHER INFORMATION SEE OUR WEB SITE OR TELEPHONE/FAX. 
http://LET.cambs.net/ johnmorr@ mail.keyworld.net 


We also manufacture DASH MASTER the handheld Digital Dashboard tool, 
Always in stock: D2Mac 27 Channel Wafer Cards £19.95. 
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01353 666709 
00341 3290523 


UK CROWNHILL 
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his series has described two basic techniques 

for timing. In one technique, a capacitor is 

charged either once only (monostable) or 

repeatedly (astable}. In the other, a quartz 

crystal is made to oscillate at its resonant 
frequency and the alternating current generated is used 
to drive a tuned oscillator. 

The charging capacitor method is the easiest to use, 
but the crystal gives the most accurate and stable times. 
By various methods, often involving a chain of digital 
counters, the time period may be extended for longer 
periods of time, or for controlling processes that are to 
run for relatively long periods. By electronically gating the 


Figure 1: the circuit of the Learning Switch 


gin, 


ronies 


fe NS : : Part 7: Timing systems 


Owen Bishop 


timer, often using the output from a sensor circuit, it is 
possible to measure very short periods. The outcome 
may be a flashing indicator LED, a bleep from an AWD or 
a numerical result on a 7-segment display. These are the 
essential elements of a timing system. 

A range of elementary circuits has been described in 
this series, with practical examples. There are many ways 
of combining these and tailoring a system to suit special 
requirements. If all you need is a time-keeping electronic 
clock, it is best to buy one, as there are hundreds of 
kinds available at low prices. But for special requirements 
there is scope for designing and building your own 
system. There is a multitude of ways of fitting together 
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the circuits described in this series, and we leave this to 
your inventiveness and ingenuity. As an example, 
however, of how to tackle the system design, we have 
here a practical timing circuit to boost a home security 
system. lt could also have applications in process control 
because it fundamentally acts by switching on lamps, a 
TV set, or almost any other kind of electrically-powered 
device. 


Learning switch 
The circuit can control up to four devices independently, 
switching them at preset times, repeating every 24 hours. 
With home security, the main purpose is to make the 
house appear occupied when it isn't. Room lighting is 
switched on and off at irregular intervals, 
especially during the evening and early 
morning. The TV or radio is switched on 
for periods. It can switch other devices 
such as a vacuum cleaner, or anything 
else which can be heard or seen from 
outside the house and which will give a 
prospective intruder the idea that 
someone is at home. The fact that the 
four channels are independently switched 
gives many different combinations. 

The circuit operates in two modes, 
learning and repeating. In learning mode 
the devices are switched on and off 
manually over a period of 24 hours. This 
programs the timing, the details of which 
are stored in ram. After 24 hours the 
device is switched to repeat mode, and 
then the circuit automatically repeats the 
settings of the previous 24 hours at the 
approximate times at which they 
occurred. To change the sequence at any 
time, simply switch to learning mode, 
make the changes manually (no need to 
do this for the whole 24 hours if you want 
to leave parts of the programme 


TO BOARD 2 


Figure 2: board 1 of the Learning switch: the timing circuits 
+5 V supply 


and 
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Figure 3: board 2: counter, ram and transistor switches 


unchanged), then switch back to repeat mode. 


System design 
Timing is to be repeated every 24 hours for several days 
or weeks. The timing unit must be a crystal clock to 
obtain the required precision over a long term. The top 
third of figure 1 shows that the system includes a 1 Hz 
crystal clock, consisting of IC1 and IC2, as first 
described in Part 2 (Issue 7/1998). The circuit must be 
able to switch the devices on and off for periods 
appreciably longer than 1 second, but short enough to 
provide a frequently-changing output. Many automatic 
timers allow times to be set in quarters of an hour. We 
need a similar facility in this circuit. The seconds- 
counting circuit described in Part 6 (issue 12/1998) 
allows for periods of up to 34 minutes so this could be 
used for the next stage. This circuit appears in figure 1 
as IC3, IC4 and IC5. There are two points to notice 
about the seconds counter: the original design was to 
count seconds for exactly 5 minutes. It was to sound an 
alarm or flash an LED when 5 minutes had elapsed, and 
then needed manual resetting to time another 5-minute 
period. This slightly different version of the original design 
makes use of the two spare NOR gates in IC6 to reset 
the counter automatically when it reaches its preset 
count. The counter can also be reset at any other stage 
by pressing SW1. 

The other point about this version of the seconds 
counter is that it is wired for a different period. This 


SW3-SW6 


design allows for a great deal of flexibility. Here it is wired 
to run for 675 seconds (11.25 minutes). This may seem 
like an odd period to work with, but the reason for 
choosing it more straightforward than it looks. A 24-hour 
day contains 86400 s, which splits up neatly into 128 
periods each 675 s long. And 128 is equal to 27, which 
has a nice binary feel to it. To wire it to count to 675, we 
first calculate that 675 is equal to 512 + 128 + 32 +2 + 
1. Expressed as a binary number, this is 1010100011. 
Figure 1 shows that digits that are to be zeros at the 
end of 675 s are wired to !C4 (NOR) while those that are 
to be '1's are connected to IC5 (NAND). The output at 
pin 11 of IC6 is normally low but goes high during the 
675th second. 

In figure 1 the output of the seconds counter is fed to 
a 7-stage binary counter (!C7), which is incremented 
every 675 s. Its seven stages are connected to the seven 
lower bits of the address bus of IC8, which is a ram ic. In 
24 hours the address on the bus increases from QO00000 
to 11111141 (0 to 127) addressing each of 128 memory 
locations in turn. The cycle repeats every 24 hours. This 
uses only a fraction of the 1024 locations in the 2114 ic 
but we need only 128. The three upper lines of the 
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address bus are permanently wired to OV, as is the chip 
select (CS-bar) input. 

The ram is put into learning (writing) mode by a low 
logic level at its write-enable (WE-bar) input. This is 
normally held high by pull-up resistor R4 but can be 
pulled down by closing SW2. 

The memory locations of the 2114 are four bits wide 
so the data bus has four lines. Each of these has the 
same circuit attached to it, shown only once in figure 1. 
In learning mode the data terminals act as inputs. Input 
is either low, with SW3 open and the input pulled down 
by RQ, or high with SW3 closed. When SW8 is closed 
and a '1' is being written to ram, the high voltage on the 
data bus also switches transistor Q1 on, and relay RLA1 
is energised. This switches on a lamp or other mains- 
powered device. During the next 24 hours of learning, 
the address produced by IC7 cycles through from 0 to 
128 and the state of the switches at the end of each 
14,25-min period is recorded in ram. Then SW2 is 
switched to repeat mode. The data terminals now act as 
outputs, so that the ram now places stored the data on 
the data bus. At his stage the switches SW3 to SW6 
must all be open. A '1' in the data turns on the 
corresponding transistor and activates a relay. In this way 
the devices are switched on and off at approximately the 
same times (to within 11.25 min) that they we switched 
on and off during the learning phase. 


Power supply 

The circuit has to operate for days on end, and has to 
drive relays, SO a mains supply is essential. On the 
premise that it is safer, costs about the same, and is far 


Figure 4; board 3: relays 


less hassle to buy the mains PSU ready-made, the circuit 
is powered from an inexpensive plug-in mains adaptor. 
This delivers 12 VDC unregulated, with a maximum 
current of 500 mA, which is ample for this circuit. Most 
such PSUs have a 2.5-mm DC plug on their outlet so a 
matching socket is mounted on the wall of the enclosure. 

The CMOS logic ics can operate on a wide voltage 
range, but the 2114 requires 5V regulated, so a L7805 
CV regulator is used to supply the logic. The relays are 
powered from the 12V unregulated supply, which means 
that switching relays on and off is less likely to produce 
spikes of the logic supply. 

The power for the lamps and other devices 
comes from the mains, though you could devise a 
completely low-voltage system if you prefer. If you 
have not previously built mains-powered circuits, 
consult a suitably experienced person before 
embarking on this project. 


Circuit boards 

The circuit is built on three rectangles of strip-board 
housed in a plastic enclosure with sides grooved 
internally to hold the boards. Board 1 (figure 2) holds the 
5 V regulator and all the logic as far as the output from 
the seconds counter. To keep the connections between 
ics as short as possible, the ics of the timing section are 
all on the same board, even though this makes the board 
a bit crowded in places. The board also needs lines for 
the OV and 5V supply. Only two signal lines go from 
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Board 1 to Board 2 (figure 3), which 
carries the period counter (IC7), the 
ram, and the switching circuits. The 
collectors of the transistors are 
connected to the relays on Board 3 
through the terminal pins OP1, OP2, 
OP3 and OP4. The switches that control 
the transistors during learning mode are 
connected to the pins marked SW3, 
SW4, SW5 and SW6. Pins SW3-SW6 
provides a common connection to the 
+5 V supply for these switches. 
Although the circuit will drive up to four 
devices, there is no need to install all of 
these at the start. The photos show only 
two transistors installed, with room to 
add two more later. 

Board 3 (figure 4) holds the relays 
(two shown installed in the photograph), 
and care has been taken to keep mains 
wiring away from the wires of the logic circuits. The 
connections from OP1 to OP4 on Board 2 are wired to 
terminals IP1 to IP4 on this board. Note the diodes wired 
across the coils to prevent damage due to emfs induced 
in the coils at switch-off. Mains connections to the 
board are made through screw terminal blocks. These 
are two-way blocks but only one terminal (indicated by 
an arrow) is used in each block. Both terminals are 
soldered to the board to give additional security. The 
relay contacts are connected electrically as in figure 5. 
The unit has a lead connecting it to a 13A plug. Up to 
four leads from the unit to four standard 13A 3-pin 
sockets into which the controlled devices are plugged. 
Although not shown in figure 5, these sockets should 
also be wired to the earth line of the mains supply. Even 


FROM 
RELAY 2 


FROM 
RELAY 3 


TO RELAYS 
COMMON L 


FROM 
RELAY 1 
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COMMON L LINE 


RLA1 RLA2 RLA3 


Figure 5: connections between relay contacts and mains power sockets 


though the controlled devices may not require 
connections to earth, it is good practice not to allow 
unearthed earth terminals in sockets. 


Construction 

The circuit boards are cut to fit securely in the vertical 
grooves in the wall of the enclosure. A board between 40 
and 41 holes wide, tapering slightly toward the bottom, 
fits neatly into the specified enclosure. Cut the board 41 
holes wide, use a file to reduce its width to fit. 


Board 1: Build the 5V power supply first (figure 1) and 
check the output voltage. Next build the 1Hz clock (IC 1 
and IC2) and check its operation by monitoring the 
output from !C2 pin 13. Assemble the seconds counter 
IC3, |C4 and IC4. Temporarily connect 
pin 11 to the OV rail, so that you can 
check that IC3 is counting properly. 
Then assemble !C6 but check that its 
logic acts correctly before connecting 
its inputs to |1C4 and IC5 and its 
output to IC3. Wire SW1 between the 
terminal pin at S40 and the +5 V line. 
When all is complete, the output from 
IC6 pin 11 (the 'OP* terminal pin at 
P40) is normally low but rises to high 
for 1 second at the end of each 
11.25-second period. Board 1 has a 
number of decoupling capacitors 
connected between the +5 V and OV 
lines, The board also has a resistor 
R13 which is the series resistor for the 
pilot lamp, LED1. 


O° 


Board 2: Mount |C7 (figure 3), make 
the power line connections between 
this board and Board 1 and wire the 
terminal pin at E1 to S1. Temporarily 
connect the terminal pin at D1 to IC2 


il 


(VIASKT 1} (VIASKT 2) 


Figure 6: wiring the 10-way terminal block 


TO DEVICE 1 TODEVICE2 TODEVICE3 TODEVICE 4 
(VIA SKT 3) 


pin 13. This provides a 1Hz signal for 
checking the operation of the counter 
of IC7, so saving time. If all is correct, 
wire the D1 pin to the O/P pin at P40 
on Board 1. Complete the board by 


{VIA SKT 4) 
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adding IC8 and as many sets of transistors and resistors 
as you intend to install at the beginning. Note that 
boards 1 and 2 are intended to be positioned in the 
enclosure so that their component sides face each other. 


Board 3: You may prefer to design your own version of 
this, and make it into a PCB, particularly if you use relays 
other than those of the specified type. Note that the 
board receives a +12V supply from Board 1, but no 0 V 
line, The terminal pins for the relay contacts are close to 
the terminal blocks on strip L. Run solder between each 
contact pin and its adjacent terminal block pin. There is 
only one terminal block for the common connecting strip, 
strip H. Improve conduction by winding a length of 
stripped single-stranded connecting wire tightly around 
gach pin in this row and soldering the wire to each pin. 


Use light-duty mains cable for making the mains 
connections to Board 3. All connections run from the 


Semiconductors ” 


1N4148 silicon diode 


board to a 10-way terminal block bolted to the wall of py gy (D1-D4 - 

the enclosure (figure 6). If you are including earth wires =. @ iC emos 4060 14-stage binary 
you way decide to use a 12-way block and allocate two a. econ iwi tht 
ways for anchoring these. { 

Otherwise, saw off two ways from a 12-way block. = q sd _ AG dual D-yp6 fp : 
The wires labelled 'from mains’ in figure 6 pass out se Ic3 ania 12-stage binary’ 
through the wall of the enclosure and are terminated with — ripple counter 
a 13A plug. Those labelled ‘To device n' pass out to 13- ee Ic4 cmos 4078 8-input NOR gate © 
amp sockets. The sockets may be mounted on the same GO Ics cmos 4068 8-input NAND 
board or you may have single or double trailing sockets 4 4 gate 
on the end of each lead. If the leads are reasonably long, ro 4 ice cmos 4001 quadruple 2-input 
some of the lamps may be located in an adjoining room Ce. NOR gate 
to produce a more realistic effect. The relays specified : 4 1c7 cmos 4024 7-stage binary 
are rated at 5A, so this load should not be exceeded, ripple counter 
The prototype was wired with 3A cable and this is 7) Ics 2114 1024 ( 4-bit sram 
sufficient for powering mains lamps and radio sets. If you 7 ico L7805CV 5V regulator 1A. 
wish to switch heavier loads, substitute 12V relays with 4 LED1 5mm light-emitting diode (in 
heavy-duty contacts and redesign Board 3 to suit these . . chrome bezel) 
relays, 1-4 ZTX300 npn transistor, 500 

mA 
Operation 
1, Plug the 12 V power supply into the socket and switch Miscellaneous 
it on. The LED lights. Plug the mains plug into a socket. XTAL1 32.768 kHz digital watch 


Plug the devices into their sockets. Switch on the mains. 
2. Turn the mode select switch to 'Learn’. 
3. Note the time. 


4, Use the four control switches to switch the devices on 
and off at various times, following your normal pattern of 
use of these devices. 


5. 24 hours after the time noted in (3), turn the mode 
switch to 'Repeat'. The operating sequence of the 
previous 24 hours is repeated ever 24 hours from now 
on, 


The hardware solution 

The circuit described in this part operates as it does 
because of the logic inherent in its circuits. It is a 
hardware solution to the problem of making lights and 
other devices come on at predetermined times. Next 
month we present a project which does similar things, 
but based on a software solution. 


RLA1-RLA4 


ferminal pins (23 off), 2-way 


crystal 

Omron G6B1114P, single- 
pole, normally-open, 12V coil 
(Electrovalue) 

Push-to-make push-button, 


"*  panel-mounting 


SPST rocker switch, 
panel-mounting, snap-in 

90 mm {110 mm (60 mm 

, Stripboard (three boards to 
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This index is divided into two sections: Technical and Construction, 
which features all articles on a constructional project or containing 
construction-related information, and Features, which contains our 
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Alignment of radio receivers can be optimised by means of this low-cost unit which 
enables their IF response to be displayed on an oscilloscope screen. 


Raymond Haigh 


xperienced radio set builders can align an IF strip, 

with a fair degree of accuracy, by ear. One step 

onwards, connecting a high impedance voltmeter 

across the AGC line, gives a visual indication of 

peak response, and alignment is speeded up and 
becomes more precise. 

Using a wobbulator represents the ultimate refinement of 
this process. An instrument of this kind enables the response 
curve of the IF strip to be displayed on an oscilloscope screen, 
and performance can be optimised with extreme accuracy. 
Bandwidth at various attenuation factors is displayed, 
permitting a compromise to be effected between sensitivity, 
selectivity and audio frequency response. While this facility is 
seldom needed for domestic portables, it does become more 
important when more complex receivers are under alignment. 

Experimenters are making increasing use of low cost, 
surplus crystals, resonant between about 4 and 10 MHz, in the 
construction of IF ladder filters. The performance of these 
filters, especially when they are used for speech-signal 
reception, is critically dependant on component values and 
input and output impedances. Using a wobbulator to display 
the response on an oscilloscope makes it much easier to carry 
out adjustments. 


TIMEBASE SAWTOOTH 
OUTPUT TO WOBBULATOR 


© ~=WOBBULATOR 


i i) ‘fa @ } 


‘OSCILLOSCOPE 


RADIO RECEIVER 


DETECTOR | 4 


WOBBULATOR OUTPUT 
TO RECEIVER 


IF STAGES 


DETECTOR OUTPUT 
TO OSCILLOSCOPE 


Figure 1: the connections between the Wobbulator, the radio 
receiver and the oscilloscope 


Principles of operation 

A wobbulator is no more than a signal generator giving a frequency 
which is repeatedly swept over the IF passband of the receiver 
under test. Frequency variation is controlled by the timebase or 
horizontal output of the oscilloscope with which the unit is used. In 
this way the sweep is synchronised, and the oscilloscope displays 
the response curve of the receiver's IF stages. 

Figure 1 shows how the wobbulator, oscilloscope and 
receiver are connected together. It should be noted that the RF 
signal is rectified by the detector before being connected to the 
‘Y' input, and a high performance oscilloscope with an 
extended frequency response is not required. So long as the 
timebase sawtooth waveform is available externally, almost any 
basic oscilloscope will suffice. 


Varying the frequency 

Early instruments of this kind used a motor-driven tuning 
capacitor to shift the frequency of the oscillator. During the 
valve era, reactance valve circuits were developed, and this 
enabled the frequency to be varied electronically. Subsequent 
advances in semiconductor technology produced the varactor 
or varicap diode, which exploits the way the capacitance of a 
semiconductor junction (and hence the frequency of the tuned 
circuit in which is it used) can be changed by varying a reverse 
bias voltage. 

Frequency can also be shifted by varying the supply voltage 
to the valve or transistor in the oscillatory circuit. This method 
carries the risk of introducing amplitude modulation (which 
wouid distort the oscilloscope display}, and it can be difficult to 
secure sufficient swing. It is, however, effective as a means of 
varying the frequency of a multivibrator, and oscillators of this 
kind, which are tuned by RC rather than LC circuits, have 
formed the basis of some wobbulator designs intended for the 
alignment of 450-470 kHz IF stages. 

Unfortunately, the operation of multivibrators becomes less 
predictable as frequency is increased, and it was decided that 
using a varicap diode to shift the frequency of a conventional 
Hartley oscillator would ensure more repeatable results in a unit 
designed for operation up to 15MHz. 
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Figure 2: the circuit of the Wobbulator 
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The circuit 

The circuit of the wobbulator is given in figure 2. The fet Q1 is 
the active device in the Hartley oscillator circuit which is tuned 
by inductors L1-L4, and a varicap diode, D1. Gate and source 
of Q1 are connected to the appropriate coil by range switch 
SW1. 

C3 is a DC blocking capacitor for the reverse bias which 
tunes the varicap diode, and R9 ensures the correct biasing of 
Q1. Diode D2, stabilises the bias on Q1 and ensures 
consistent operation and constant output levels across the four 
switched ranges. R10 and C6 decouple the oscillator from the 
supply rail. 

The output is taken from the source of Q1 and connected 
to the gate of Q2 via coupling capacitor C7. Source-follower 
(or common drain) buffer stage Q2 minimises loading on the 
oscillator and isolates it from the equipment under test in order 
to prevent any frequency pulling or other disturbance to its 
operation. R11 ensures the correct biasing of the buffer stage, 
R12 and C9 decouple it from the supply line, and the output is 
developed across source load potentiometer R13. 

The potentiometer R13 sets the output at an appropriate 
level. The low value DC blocking capacitor C10 enables the 
signal to be injected into a high impedance circuit without 
excessively disturbing its operation. The output via the higher 
value blocking capacitor, C11, should be chosen when the 
injection point presents a low impedance, or when the 
connecting lead must be screened. Constructors who have 
access to a frequency counter may wish to use it with the 
wobbulator, and the counter output socket is connected to the 
source of Q2 via blocking capacitor C8. (The wobbulator 
output potentiometer is usually turned well down, and the 
voltage on the slider is not sufficient to trigger most counters.) 

Current drawn by the unit is approximately 10mA, and 
operation by batteries is, therefore, perfectly feasible. Bias for 
the tuning diode is derived from the power supply rails, and 
precautions must be taken to ensure that tuning doesn't drift 
with falling battery voltage. Accordingly, two PP3 batteries are 
connected in series to give a nominal 18V, and this is held at 
12V by means of the 100mA regulator, |C1. Tantalum capacitor 


C6 is included to bypass any electrical noise generated by the 
regulator ic. 

Equipment of this kind can be inadvertently left switched on. 
Low current LED D3 and dropping resistor R14 are included to 
minimise the chance of this happening. 


Oscillator tuning 

Wobbulators often incorporate a conventional air-spaced 
variable capacitor to set the oscillator to the IF centre 
frequency. A varicap, wired in parallel with it, and coupled to 
the oscilloscope timebase, produces the frequency sweep. 

Silicon rectifier diodes (such as the 1N4001) are sometimes 
deployed as varicaps, as they also exhibit a capacitance 
change across the junction as a reverse bias is varied. 
However, using diodes of this kind can reduce the 'Q' factor of 
the tuned circuit and inhibit oscillation, especially when more 
than one is used to increase the capacitance swing. 

This wobbulator is tuned, and its frequency shifted, by a 
single varicap diode of the type developed for medium wave 
receivers. These devices provide a capacitance swing of 
around 450pF with a tuning voltage range of 2 to 9V, and 
exhibit a ‘Q' factor of at least 200. Although they are more 
expensive than a rectifier diode, the need for a conventional 
tuning capacitor is avoided and the overall saving in cost is 


The interior assembly and PCB of the wobbulator 
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significant. More important, wide frequency sweeps are easy to 
obtain, and the full IF passband, together with a portion of the 
RF spectrum on either side, can be displayed. 

The capacitance/tuning voltage relationship of the chosen 
diode is very linear up to about 6V. Between 6 and QV the rate 
of capacitance change falls. Below about 1V, the ‘Q" factor of 
the diode reduces. 

Tuning bias for the diode is taken from the slider of 
potentiometer R4, and fixed resistors R5 and R2, limit the 
voltage swing from around 1V to 5.5V. Potentiometer R3 acts 
as a fine tuning control, and C1 eliminates potentiometer wiper 
noise. 


Timebase input 

Potentiometer R1 determines the amplitude of the sweep input 
voltage, and pre-set resistor R6 enables the range of this 
control to be adjusted to suit most modern oscilloscopes. 

The timebase sawtooth voltage can be checked by turning 
down the time/cm controls until the spot drifts slowly across 
the screen. The pointer of a DC voltmeter, connected between 
the oscilloscope timebase output and ground, should then 
move slowly enough for the minimum and maximum sweep 
voltages to be read off. The oscilloscope used with the 
prototype wobbulator generated a sawtooth waveform running 
from around 15 to 25V. If much higher voltages than this are 
encountered, wire a resistance in series with R1 in order to 
reduce the input to the required level. 

Again, C2 eliminates potentiometer wiper noise, and R7 
and R8 isolate the varicap diode, at signal frequencies, from 
the tuning voltage networks. (The diode passes virtually no 
current, so the isolating resistors have no effect on the tuning 
voltage.) 
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Components 

The Toko coils, varicap diode and low current LED can 
be obtained from Cirkit Distribution Ltd., Park Lane, 
Broxbourne, Herts., EN10 7NQ. Tel. 01992 448899. 

The varicap diodes are supplied in snap-apart packs of two 
(KV1236) or three (KV1235) for ganged receiver tuning. The 
price of both packs is currently the same, so constructors may 
as well purchase three diodes and put the spares to good use 
in other equipment. The less expensive BB212, also listed by 
Cirkit and available as a two-pack, was not tried, but it should 
prove suitable. 

An inexpensive, two pole, six way plastic-cased Lorlin rotary 
switch can be used for SW1. This item, together with the 
remaining parts, is available from a number of suppliers, 
including Cirkit. 


Construction 

All of the components, with the exception of the switches, 
potentiometers, and the LED indicator, are mounted on a small 
PCB. The component side of the board is illustrated in figure 
3. Vero pins, inserted at the lead-out points, will simplify the 
task of wiring up the off-board components. 

It is convenient, with equipment of this kind, to have the 
input and output sockets mounted on the front panel. This 
does necessitate a slightly larger case, but the unit can still be 
accommodated in a standard plastic box with external 
dimensions of 196 x 112 x 62mm. 

Figure 4 shows the front panel layout adopted for the 
prototype unit. The dials and control annotations are marked 
out on white card using rub-down transfers, and the finished 
panel is protected from soiling by a sheet of thin perspex (the 
type of material used for DIY double glazing). For reasons 
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Figure 4: the front panel of the Wobbulator prototype, actual size. 


which will become clear later, it is neither feasible nor 
necessary to calibrate the tuning dial. 

Switches, potentiometers, terminals and circuit board are all 
mounted on the lid of the box and the assembly is depicted 
the photographs. The battery holder is formed from scrap 
aluminium sheet and held in place by the on/off switch bush 
and one of the terminals. 

Remember to check the orientation of semiconductors and 
the tantalum capacitor, and to check the PCB for poor 
soldered joints and bridged tracks, before mounting it in 
position. 


Setting up and testing 

Connect up the batteries. Current consumption should be in 
the region of 10mA and the voltage at the output of IC1 should 
be precisely 12V. 

Set R1 and R3 to mid travel and use a radio receiver or 
frequency counter to check that the oscillator is working on all 
four ranges and can be tuned by R4. With no input from the 
oscilloscope timebase, coverage of the prototype unit is as 
follows: 


The assembly showing the knobs in place on the front panel 


Range 1 350 - 600 kHz 
Range 2 1 - 2 MHz 
Range 3 3 - 6 MHz 
Range 4 6 - 14 MHz 


The above tuning ranges can be varied, within reasonably 
wide limits, by adjusting the inductor cores. Note that with 
L1, L2 and L3, inductance increases, and frequency 
lowers, as the cores are driven down. The core of L4 has 
to be set flush with the top of the can for maximum 
inductance. 

Connecting the timebase input increases the reverse 
bias on the varicap diode and, for a given setting of the 
tuning control, makes the frequency of oscillation increase. 
In practice, the unit should produce linear displays of IF 
systems centred at up to 15 or 16 MHz. 


Using the Wobbulator 

The connections between the wobbulator, oscilloscope and 
receiver under test were shown in figure 1. Keep the 
wobbulator close to the receiver so that the signal injection 
lead can be as short as possible. The connection between 
the receiver’s detector and the 'Y' input of the oscilloscope 
may have to be screened, but this was not found to be 
necessary with the equipment used for the initial trials. 

A transistor portable radio can be used for the test and 
the signal should be injected into the base of the 
mixer/oscillator transistor. Connect the ‘Y' input of the 
oscilloscope to the audio side of the diode detector. Link 
the ground terminal on the oscilloscope to the ground 
terminal on the wobbulator and the ground plane on the 
receiver. The oscilloscope timebase should be set for the 
lowest possible sweep rate consistent with an acceptable 
amount of flicker in the trace. (The display will be distorted, 
especially when narrow band filters are being checked, if 
too fast a sweep setting is chosen). The ‘X’ gain control 
should be turned well down. 
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An oscilloscope trace of IF response of a transistor portable 
radio, before alignment 


\ 


An oscilloscope trace of the same radio, after alignment 


Using a second signal generator to pinpoint frequency along 
trace: zero beat point at crest of peak and second generator dial 
reading 460 kHz 


As the previous photo, but with the zero beat point set close to the 
floor of the trace and the second generator dial reading 470 kHz 


Flattening of the trace caused by too high an injection level 
resulting in receiver overload 


The trace produced by an IF strip comprising four tuned 
transformers and an inexpensive 4-kHz mechanical filter. Receiver 
aligned for maximum sensitivity 


The trace produced by an IF strip comprising four tuned 
transformers and a 2.6 kHz ceramic filter. Again, receiver aligned 
for maximum sensitivity 

Switch the wobbulator to the appropriate range (invariably 
Range 1, or 0.5MHz, for a transistor portable AM radio), set 
the sweep width control to about half travel and adjust the 
wobbulator tuning until the receiver’s IF response is displayed 
on the oscilloscope screen. Turn down the signal level (R13) 
in order to check that the receiver's IF stages are not being 
driven into clipping: this results in a flattening of the displayed 
peak, as shown in the photograph of the oscilloscope trace 
of IF response of a transistor portable radio, before 
alignment. 

The timebase sawtooth voltage does not drop to zero with 
respect to ground. Increasing the timebase input will drive the 
wobbulator frequency higher as well as shifting it more, and 
the tuning control has to be turned back to compensate for 
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this. Adjustments to the oscilloscope's ‘Y’ input sensitivity, the 
*X' gain control, wobbulator output and sweep width all affect 
the profile of the display. Turning up the sweep width control 
will reduce the width of the passband profile because it is 
occupying a smaller proportion of the frequency range 
displayed on the screen. 

This all sounds rather complicated but, in practice, the unit 
is very easy to set up and operate. 

Most domestic receivers in current production have the 
detector diode wired to give a negative-going output. This will 
generate a trough rather than a peak on the screen, The 
trace is, however, still perfectly useable. 

Adjustment of the IF transformer cores will, of course, 
change the profile of the display. In the case of most 
domestic receivers, they should be adjusted for the highest 
peak. Turning up the ‘Y’ sensitivity and adjusting the other 
oscilloscope controls until the tip of the peak almost fills the 
screen enables the cores to be set with extreme accuracy. 

Some authorities recommend that the receiver's oscillator 
stage and AGC network should be disabled in order to avoid 
any distortion of the trace. However, if the injected signal is 
kept as low as possible, and if the aerial is disconnected from 
the receiver (tune portables to a silent part of the dial), no 
problems should be encountered with spurious responses. 

The effectiveness of the simple output attenuation control 
diminishes as frequency increases, especially when the high 
impedance feed is used, and it may be necessary to place 
the signal lead close to the injection point, rather than make a 
direct connection, in order to keep amplitude sufficiently low. 

Some of the traces likely to be encountered are shown in 
the trace photographs. 


Measuring the IF bandwidth 

Constructors involved in experimental work with radio 
receivers will wish to determine the frequency at the crest of 
the peak and at various attenuation points down the skirt. To 
do this, place the output lead from another signal generator 
close to the output terminal of the wobbulator. The second 
generator must be tuned to the receiver's IF, its output turned 
well down, and modulation switched off. The trace on the 
oscilloscope will become fuzzy and broader. If the frequency 
of the second generator is now swept slowly across the IF 
passband, a gap or notch will move along the broader trace. 
This represents the zero-beat position, where the frequency 
of the second generator precisely coincides with the 
frequency displayed on the trace. The notch will be shallow at 
the bottom of the skirts, where receiver sensitivity is low, and 
deep at the crest of the peak, where receiver sensitivity is at 
its greatest. 


Multiple conversion receivers 

Additional equipment is needed to investigate the response of 
front-end IF filters in multiple conversion receivers, as they do 
not feed directly into the detector and signal levels can be too 
low to produce a display on the oscilloscope. A suitable RF 
probe unit, which amplifies and detects the signal, will be 
described in a subsequent issue of ETI. 


a as Poa. 


C7 
C10 


Inductors 

All by Toko 
RW06A7752EK (green core)’: > 
154FN8A6438EK (violet/deep red’ 
core) 
154FN8A6439EK (yellow core) 
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Semiconductors 

IC1 78L12 (12V regulator, rated 
400mA) 
2N3819 


Q1, Q2 
Dt. KV1235 or KV1236 (varicap diode, 
see text) 
41N4148 
‘’2mA LED 
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Regulated 
Battery PSU 


Andrew Armstrong 


A tiny, light, and efficient surface mount supply, designed as an alternative power 
source for the Wobbulator project, but suitable for a wide range of projects. It 
allows a cheaper and more convenient choice of batteries, as well as making them 
last longer. 


his project is being published this month as an 
alternative means to power the Wobbulator 
project elsewhere in this issue, but it is suitable 
for use with most battery powered items. 
When a supply voltage of, for example, 12V is 
needed for a project, by far the simplest method to obtain 
it is to use two 9V batteries in series, and then use a 12V 
regulator to provide the correct voltage. 

If the current consumption is very low, or if the use of 
the equipment is to be very intermittent, then this 
approach is probably the best one. However, if the power 
consumption and type of use is such as to run down the 
batteries fairly rapidly, then there are other solutions. 

An alkaline PP3 sized battery contains a nominal energy 
of 4,95 watt hours and costs around £3.50, while AA cells 
cost around £3.60 for four, with a total of 16.2 watt hours 
nominal energy content. If disposable batteries are used, 
these are certainly more economical, but to use eight of 
them to obtain 12V might be inconvenient, moreso if the 
12V needs to be regulated. In that case, about a dozen 


would be needed to allow for an adequate voltage to run 
the regulator when the cells are partially run down. 

This project solves the problem in a different way. A 
smaller number of AA cells are needed, giving a lower 
voltage than that which is finally necessary. Then a 
switched mode supply is used to increase the voltage to a 
suitable level. Switched mode power supplies always 
waste some power, so that part of the energy stored in the 
battery will be lost, but even at the most pessimistic 
estimate the cost of battery power using this approach 
and AA cells will be less than half that using PP3 batteries. 

In addition, of course, the switched mode supply can 
provide a well-regulated output until the batteries are 
much flatter than would be possible without the switched 
mode supply. If a regulated voltage is needed, then the 
PP3 approach probably has lower efficiency over most of 
the battery's life, because of the loss inherent in feeding 
18V into a voltage regulator to get 12V out. In this case 
the three to one advantage will be maintained or enhanced 
by using the switched mode solution. 


Figure 1: The circuit diagram of the pcb 
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The design 

The circuit diagram of this 
power supply is shown in 
figure 1. It uses an 
LT1303CS8 switched mode 
supply chip. All the 
components for this design are 
available from Electromail. 

In order to make it small 
and light, this project uses 
surface mount components. 
As a result it is 56mm x 
36mm, with a maximum 
thickness of 6.5mm. It is 
designed to fit on the back of 
an AA battery pack. It is not 
much wider than a 2-cell pack, 
and is completely covered by 
a 4-cell rectangular pack. 

Switched mode power 
supplies, left to themselves, generate interference which is 
both radiated, and conducted along the input and output 
wires, This design incorporates filters which minimise this 
effect, and a circuit board layout which keeps the radiating 
tracks as small as possible. 

Starting at the input, G1 and L1 form a filter which 
attenuates any interference getting out via the input 
connection. The prototype had too low a noise level on the 
input to be detectable on an oscilloscope with a maximum 
sensitivity of S0mV/cm. 

Continuing from the input, the next part of the circuit is 
the low battery warning circuit. This uses the on-chip 
voltage reference and comparator to switch on a led if the 
input voltage falls below 3.84V. R3 and Ré4 set the 
voltage, and R2 adds a small amount of hysteresis. 

C2 and C3 are there to minimise the supply ripple as 
the chip switches. The 100uF capacitor must be a low esr 
{equivalent series resistance) type, because of the high 
ripple current flowing. In addition, a ceramic capacitor is 
added to increase the decoupling at high frequencies, 
specifically to minimise switching spikes on the input 
voltage. 

At this point is is worth noting that when the switching 
transistors in IC1 switch on, there is a current spike 
caused by the capacitance of D1 and the stray 
capacitance of L2. Of the two, the capacitance of D1 is 
much greater. Part of the reason to need low esr 
capacitors and a ground plane is to minimise the 
interference which actually gets out of the unit. The losses 
caused by diode capacitance can form a significant part of 
the overall circuit loss if the choice of diode is not ideal. It 
is important to have a diode with a low enough voltage 
drop at its operating current not to dissipate too much 
power in resistive losses in the diode. However the lower 
the ON resistance of the schottky diode, the higher its 
capacitance, and all the energy stored in the capacitance 
of the diode will be lost at the time of switching. 

There does exist a much more complicated power 
supply topology which can recover some of its energy, but 
it is not appropriate at these power levels. 

The output storage capacitors C4 and C5 are more 
critical than the input capacitors in keeping the level of 
interference right down. On the input capacitors, the 
current drawn is typically continuous with triangular ripple 
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Figure 2: block diagram illustrating the functioning of the LT1303 


at the switching frequency. However, the current supplied 
to the output capacitors by D1 is in discontinuous pulses 
with a sharp rising edge, Also, the current required to 
charge the capacitance of D1 when the switching 
transistors turn on must flow through the output 
capacitors, and this current is only limited by the 
resistance of the circuit and the maximum current 
capability of the switching transistors. If standard rather 
than low esr capacitors are substituted for C2 and C5, 
then the circuit is unlikely to work very well. 

The output voltage of the circuit is set by its internal 
voltage reference and by the potential divider resistors 
from the output voltage. An extra resistor, R7, has been 
added to the circuit after the first prototype (on the 
photographed PCB) was made. This has been added to 
permit finer adjustment of the output voltage. For example, 
it was only possible to set the output to 11.3V rather than 
the preferred voltage of 12 volts using just two resistors 
from the E12 series. (E24 series resistors are not so widely 
available in 0805 surface mount packages.) 


The LT1303 

This de-de converter ic has particular virtues which suit 
this type of application. First of all, its quiescent current 
(that is, with input connected but no load) is 120uUA. 
Secondly, its switching transistors have a typical voltage 
drop of only 170mV at 1A. This is particularly important at 
low input voltages. With 2V input, 17O0mV represents a 
loss of 8.5 percent. 

This is undoubtedly a compromise, in that a lower 
saturation voltage could have been obtained only at the 
expense of a higher operating current, which would waste 
more power than would a drop of 170myv. 

Operation of the LTI303 is best understood by referring 
to the block diagram shown in figure 2. When C1's 
negative input, related to the output voltage by the 
appropriate resistor-divider ratio, is higher than the 1.24V 
reference voltage, C1 (comparator |)'s output is low. C2, 
A3 and the oscillator are turned off, drawing no 
current.Only the reference and Cl consume current, 
typically 140uA. 

When comparator 1's negative input drops below I.24V 
and overcomes the 6mV hysteresis, C1's output goes 
high, enabling the oscillator, current comparator (C2) and 
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circuit powered by this supply 
can then reduce the ripple to 
extremely low levels while 
permitting the necessary ripple 
on C4 and C5. 

lf switch current reaches 
1A, causing 02 to trip, switch 
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Figure 3: the switching waveform, and the ripple on the output. This is shown with the oscilloscope it th It 
on AC coupled, and shows the reduction of voltage when the switching stops briefly monitors tne voltage across 


driver AS. Quiescent current 
increases to 2mA as the 
device goes into active 
switching mode. Q1 then turns 
on in controlled saturation for 
nominally 6us or until current 
comparator 2 trips, whichever 
comes first. The switch then 
turns off for approximately 
1.5us, then turns on again. 

The LT1303's switching 
causes current to alternately 
build up in the inductor (L2 on 
the schematic) and feed into 
output capacitor C4 in parallel 
with C5 via Dl, increasing the 
output voltage. When the 
output is high enough to 
cause comparator 1 output to 
go high, switching action 
ceases, The output capacitors 
supply current to the load until 
the output voltage decreases 
enough to force the output of 
comparator 1 high, and the « 
entire cycle repeats. Figure 3 ; + 
illustrates the effect of this on 
the output voltage. 

The extra filtering in this 
circuit makes the ripple almost 
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oie : apeleiail = 4 x AACELLS ioe sae 
significant harmonic energy Y 


‘ WOBBULATOR 
present on the top of C4 and ~VE_ 


C5. It also makes it possible to 
reduce the output ripple more 
than would otherwise be 
possible, Here is the reason: 
The hysteresis of the first 
comparator guarantees that 
there will be a ripple of GmV at 
the feedback pin, at the lower, 


burst frequency. This Figure 4: PCB component placement diagram. 


OPTIONAL 
LOW BATTERY 
INDICATOR 
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Figure 5: Typical switching current limit 
plotted against voltage supply 


warning indicator 


3R resistor which is directly related to the switch current. 
Q2's collector current is set by the emitter-area ratio to 
0.6 percent of Q1's collector current. 

When R1's voltage drop exceeds 18mV, corresponding 
to IA switch current, comparator 2's output goes high, 
truncating the on time portion of the oscillator cycle and 
increasing off-time. This method of measuring an accurate 
proportion of the total current is only possible if the two 
transistors are made on the same substrate, so this sort of 
technique is not possible with separate discrete 
semiconductors, Note, however, that power mosfets with 
two source connections, one passing most of the current 
and one passing a small proportion, are made for this sort 
of use. 


Assembly 

The component layout and wiring is shown in figure 4. 
This circuit has all connection except for some of the 
ground tracks on the top side. It is intended that a ground 
plane be used on the underside to maximise the efficiency 
and minimise radiated interference. Before fitting any 
components, the eight circular pads with holes in them 
should be linked to the groundplane using thin tinned 
copper wire. 

If only a single sided pcb is available, then a good 
substitute is to use a piece of self-adhesive copper tape, 
or failing that a thick piece of tinned copper wire on the 
underside of the pcb, then use the thinner tinned copper 
wire to link this to the ground pads. 

There is more than one approach to surface mount 
assembly by hand. Some people advocate the use of 
solder paste. To use this, you apply paste to the pads, 
then position the components, The paste is sticky enough 
to hold the components in place, and they can be 
soldered using a hot air gun or a small soldering iron. In 
this latter case each component may need to be held 
down while being soldered. Otherwise there is a risk, 
particularly with the smaller components, that the surface 
tension of the molten solder may make them stand 
upright, prohibiting soldering to the other pad(s). This is 
commonly referred to as “tombstoning". 

| have always found that approach messy, and would 
recommend instead that one pad from each component 
footprint has a small blob of solder attached to it, applying 
heat for the minimum time necessary to achieve this so as 
not to burn away all the flux. Then pick up the component 
with a small pair of tweezers, and hold it in place while re- 
melting the solder on to the pad. It should be possible to 


Figure 6: optional low battery voltage led 


produce a neat and reliable solder 
joint, with the component 
positioned correctly. Then the 
other connection(s) can be 
soldered in the normal manner. 

lf the first solder joint does not 
turn out well, it is simple to 
remove the solder from the pad 
with a piece of solder wick, or a 
miniature solder sucker, and make 
a new and better joint. 

The best solder to use for the 
purpose is the special grade for 
surface mount. This is very fine 
gauge, and contains a tiny 
proportion of silver to lower the 
melting point below that of ordinary solder. However, 
ordinary solder of a fine gauge can be used successfully, 
with just a little more care. 


ZVP2106A 


470R 


/A RED 
7 ep 
(LOW CURRENT) 


Applications 

The component values used here are chosen to give a 12V 
output from a four-cell pack of AA cells. The circuit is 
suitable for a range of input and output voltages, with the 
change of several component values. Indeed, other 
projects currently at the planning stage may use this circuit 
as the power source. 

The maximum output voltage available without damage 
to the ic is 25V, though prudence might dictate never 
exceeding 24V. The maximum input voltage is 10V, while 
the ic is guaranteed to operate at 1.8V. When used to 
convert battery supplies, between two and six alkaline 
cells in series may be used as the power source. If nickel 
cadmium cells are used, three to seven in series would be 
appropriate, Four cells in series gives a good supply for 
most purposes, whether alkaline or nickel cadmium cells 
are used, 

The output power is limited primarily by the current limit 
of the switching transistors, and the input voltage. To take 
a simple example, if theswitch limits the average input 
current to 500mA, and the input voltage is 6V, then the 
maximum output power is 6V x 0.5A = 3W, less the losses 
in the circuit, giving around 2,5 watts output. 
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external pullup resistor to the 
microprocessor supply. If this power supply 
were powering a 5V microprocessor or 
AUDIBLE 
+VE——TO 4011 PIN14 SOUNDER microcontroller, then it would probably be 
running from only two AA cells, the output f 
voltage of which would be insufficient to i 
reach a reliable logic 1. j 
The output pin of the ic cannot sink 
enough current to run a light emitting 
ov —— TO 4011 PINT diode, so the circuit of figure 6 may be 
used externally to drive a low current 
warning led if one is required. If an 
audible warning is needed, the circuit of 
figure 7 will be suitable, 
The graph of typical switching transistors current limit The prototype pcb was tested, and the following figures 
against input voltage is shown in figure 5, This is the peak were measured: 
current limit, so that the average will be somewhat lower. If 
the average current is only 10 percent lower than the peak, 


Figure 7: optional audible low battery warning circuit 


then at an input voltage of 2V, the theoretical maximum Input Output 
input power would be 1,.836W. In practice, it would Vv 5,94 11.32 
probably be reasonable to expect over a watt of output at a 1 245mA 111.9mA 
moderate voltage stepup, and less at a higher output Watts 1.455 1.267 
voltage. 

The reason that the output power would be lower at a This gives an efficiency of 87 percent. 


higher output voltage is that, while the switch is off and the 
inductor is delivering power to the load, its current will 
decline more rapidly if the load voltage is higher. This will 
increase the ripple current, thus lowering the average 
current and hence lowering the input power. 

On equipment which is dual powered, battery or mains 
adaptor powered, this circuit can be very useful. So long as 
the mains adapter supplies enough power to make the unit 
work at sufficient voltage for the power throughput 
demanded, and does not exceed the required output 
voltage, then an unregulated supply can be used for 


Co 


oht 


Sit Sli 


equipment needing to run from a regulated voltage. Capacitors 
Table 1 shows component values and suggested battery C1, C3, C4, C6 100nF 1206 case, X7R dielectr 
configurations for a range of voltages up to 15V. If higher | (Electromail 264-4179 or 211- 
output voltages are needed, then C5 must be replaced with : 3401) 
a component having a higher voltage rating. le C2, 5 100uF low ESR tantalum. X- 
: : case capacitor (Electromiail 
Nominal oe 238-9210) 
Voltage R5 R6 R7 4 
15V 100k 10k 100k ® Semiconductors 
Mo pa te oe Dap RB160L-40 Schottky diode 
BV 39k 10k N/A (Electromail 263-6869) 
if 5 
5 A7k 18k 400k LT1303CS8 dc-dc converter ic 


- Electromail 197-1874) 
Table 1: resistor values for different output voltages : 


There is a low battery output on this unit. It would be 
suitable for use as a warning input to a microprocessor, to 
give adequate warning of power failure. In this application, it 
might be necessary to increase the value of R1 and use an 
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millivolt meter is a useful piece of equipment to 

have in the workroom, particularly if you are 

dealing with very low levels of AC at audio 

frequencies and above. Such instruments are 

expensive and may be hard to justify in many 
cases. Commercial meters also have some facilities that you 
may not require very often. An alternative is to construct your 
own. If some limitations in terms of ultra precise accuracy and 
the number of facilities are accepted, a useful instrument can 
be constructed, that with care should give yOu years of 
service. 


Description 

As will be seen in figure 1, the circuit consists of an fairly 
wide band amplifier, preceded by a high impedance buffer, 
followed by a full wave bridge rectifier, and powered by the 
usual split supply. 

The prototype has six ranges from 1 millivolt to 100 volts, 
in step multiples of x10. The response is flat to 50kKHz, the 
limit of the test generator, and the input impedance is almost 
20M. There is a separate on/off switch and battery test 
switch. The signal to be measured is fed via a 56n capacitor 
to the top of the resistor chain. The signal is tapped off at six 
points on the divider chain by the wiper of the range selector 
switch, The first ic stage uses a TLO7I which is connected as 
ahigh impedance buffer amplifier, which has unity voltage 
gain. However, the input impedance of this stage is very high 
, and is quoted as 1 tera-ohm, or one million megohms. The 

total resistance of the chain is I9.99M. This resistance in 
+ parallel with the input gives, for practical purposes, the same 
19.99 megohms input resistance. If 1 percent tolerance 
| fesistors are used for the chain, then the total tolerance will be 

within 1 percent. The resistors | have used throughout the 
. Circuit are from the Maplin High Stability 0.6W range. 
« The next part of the circuit is an amplifier with a gain of 40 
> dB, or x100. In fact, the gain is x101, which is the result of 
working out R1+R2/RI. It uses the CA3130 ic. This is required 
, to obtain sufficient bandwidth at this gain. The ic is not 


illivolt 
Meter 


An audio millivoltmeter is designed to read AC signals accurately over the audio 
range. This six-range millivolt meter also reads up to 50kHz. 


Tony Sercombe 


compensated, and in some examples of the circuit it may 
need a compensation capacitor between pins 1 and 8. In the 
prototype a 2.2p capacitor was fitted, and as previously 
stated the response was flat to 50kHz. This may perhaps be 
regarded as optional, and in the prototype was fitted under 
the board, directly to the pins of the ic socket, to minimise 
lead length. The stage has basic supply decoupling, 

The final ic is a TLO71, also connected in the non-inverting 
mode. It has pre-set variable gain to adjust the calibration, 
and drives a full wave bridge rectifier, which, together with two 

protection diodes, feeds the meter. Offset nulling is 
required here, and is provided by the preset control RV2. This 
stage has basic supply decoupling also, 

A metal case must be used to house the meter, otherwise 
extraneous electrical noise will severely interfere with readings. 
For the same reason, the switch needed separate screening in 
the prototype. Because of this sensitivity to electrical 
interference, a mains supply unit was not considered. 
Generally a supply of this type is more economical in the long 
term than battery power. However the problems encountered 
in this case would be very considerable, as the best of 
transformers must leak some flux, and this alone would be 
enough to upset readings, and it is not envisaged the unit will 
be left switched on for long periods anyway. If required, a self- 
contained 3mm flashing led could be fitted to the front panel 
to give a visual indication of ON status, while going some way 
to conserving power. However it should be well decoupled 
close to the panel, and supplied from the total battery voltage 
using the appropriate value of decoupling resistor. 


Construction 
The component layout is shown in figure 2. Once the 
passive components and ic sockets have been fitted to the 
board, it should be checked for any mistakes in soldering, 
track breaks etc. The ics may now be inserted into their 
sockets. Do not use anything made of metal to insert IC2. A 
piece of card or plastic or even a thumbnail is best for this. 

It will be easiest to assemble the front panel parts first. Drill 
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Figure 1: the circuit of the Millivolt Meter 


C1 
56n 


"Ri = SM6 + 5M6 + 6M8 
Ri - A6 MOUNTED ON SW1 


and fit the meter movement, the switches and BNC socket 
first of all. The switch assembly must now be made. The input 
resistors are mounted on the switch by their leads, and are 
small and light enough to be self-supporting. A 12-way switch 
is used, and stopped off at 6 ways; the spare tags may be 
used to support the resistors where more than two are fitted 
between ranges. Keep them in an upright position as far as 
possible. 

Next, you need to make a screening sleeve. Most model 
shops sell tin or brass sheet in thicknesses of a few 
thousandths of an inch. This may be turned into a sleeve and 
spot soldered three or four times along the seam. A piece of 
paper or plastic sheet can be used as a lining to prevent 
shorts, and the top bent over and soldered. When the switch 
is fixed to the front panel and the 56n capacitor wired from 
the BNC socket and the screened input cable attached, the 
sleeve may be pushed over the assembly and spot glued at 
its bottom edge with epoxy resin. Take care that the resistor 
wiring |s correct before fitting the sleeve. Next, put the PCB in 
its intended case so that the track is close to the metal floor, 
and wire up the rest of the connections. At this point a tag 


TO SW1 
MBB VIA 
C1 


should be fitted somewhere close by, and all separate pieces 
of the case wired to it, including the zero volt track on the 
PCB. The BNC earth return and front panel can share the 
input cable screen. Do not fix the PCB down permanently just 
yet, in case a 2.2p capacitor needs to be fitted to 102 


Calibration and use 
When all external connections have been checked, power 
may be applied. Firstly, set the range selector to 100V. Put a 
temporary short across the input of 1C2 to ground. Next, put 
the meter in its intended operating position and check that the 
pointer is at zero. If not, adjust carefully with the set-screw on 
the front panel. Switch on and note the meter movement. In 
all probability the pointer will swing hard over to the end stop. 
In any event it will leave the zero mark. This is corrected by 
adjustment of the offset null via RV2. An insulated trimming 
tool should be used for this. It will be found that precise 
adjustment is a little tricky, and once the approximate point 
has been reached, a very small movement is all that is needed 
to bring the pointer to zero once more. 

Switch off and remove the short. An input signal of about 


+V¥V VIA SW1a 


100pA METER 
VIA SW2a 


ov 


-V VIA SW1b 


Figure 2: the component layout of the Millivolt Meter 
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The resistor assembly on SW2 The board wired up to the front panel furniture 


1kHz needs to be applied at somewhere near the maximum 
level of one of the ranges. This will then take into account the 
2-3 percent accuracy of the meter. This degree of accuracy is 
usual for analogue meters. A signal generator is ideal for this 
purpose, and another meter is also required. If these are 
unavailable, perhaps a local technical college or a colleague 
may be able to help. 

Set a voltage up, say 9 volts on the reference meter, and 
carefully adjust RVI to obtain the same reading. The above 
procedure may be repeated to get the best accuracy. When 
set, the presets can be locked with a drop of paint if the 
construction of the preset permits this. 

lf the meter should exhibit any unexpected movements, 
or swing over to maximum on some ranges, the 2.2p 
capacitor should be connected directly to the pins of the 
socket, under the PCB. Do not use a capacitance of much 
more than this, as it will curtail the high frequency 
performance. The case can now be fully assembled. It will 
be noticed that when the assembly is complete. If the 
crocodile clips at the end of the test lead are left floating, 
arbitrary readings will be seen on the more sensitive ranges. 
This is normal for such a high impedance and sensitivity, and 
is simply electromagnetic noise. In use, this will be masked 
by the voltage being measured. When measuring an 
unknown voltage always start with the range switch set to 
the 100 volt range, and decrease as necessary. Although the 
movement is diode-protected, and in fact will stand a fair 
degree of overload for short periods, this should not be 
relied upon totally. As a final point, the battery test switch 
should give a reading of almost full scale with fresh batteries. 
When this has fallen to 60 on the scale, both batteries 
should be replaced. A red line or mark could be drawn on 
the scale to mark this point, but great care would be needed 
so as not to cause damage to the movement. 
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ast month in Practically Speaking, | looked at the 
magnetic reed switch and how it may be made to 
work using a permanent magnet. This month | shall 
continue by describing seeing how a reed switch can 
be operated by an electric current. 


All wound up 

A reed switch will respond to a magnetic field produced electrically. 
This may be done by winding a coil of insulated wire around its 
body and passing a current through it (as shown in the 
photograph). The effect is the same as if a permanent magnet had 
been used. Enamelled copper wire is usually used, although the 
ordinary plastic insulated variety will do for expenmental purposes. 
Note that the sense of magnetisation of the reeds will depend on 
the direction of the current and the direction in which the tums are 
wound, For most purposes this does not matter because the reed 
ends will aways take up opposite poles and therefore attract. 

For the circuit designer, this idea gives a rough and ready way of 
indicating when current rises above a certain value. It could be 
used to give an audible warning if a battery was short-circuited, for 
example. The current needed to close the contacts depends on 
the pull-in sensitivity of the reed switch and the number of turns on 
the coil. The sensitivity is expressed in amp-tums (AT) which, for a 
typical small device, could be some 20 to SOAT. Suppose, for a 
particular specimen, it is SOAT. This means that one amp flowing 
through 30 tums will be sufficient to close the contacts. 
Alternatively, two amps through 15 turns or 100mA through 300 
turns, and so on, will have the same effect. Note that the published 
sensitivity figure (for example, that given in the supplier's catalogue) 
is for "definite" operation. In practice, the switch will usually work 
with fewer tums. Making use of this fact is fine when you are 
constructing a device for one off use. If designing for others, 
however, such as a project for publication or a device for a client, 
always stick within the manufacturer's specifications, or you will find 
that some units do not perform reliably. 


Realisation 

The circuit shown in figure 1 is a simple over- 
current warning device. The buzzer sounds if 
the current in the circuit being monitored 
exceeds a certain value. Here, a simple 
battery and bulb circuit is shown. The 
approximate number of turns of wire needed 
for the coil is found by taking the published 


BATTERY 


H 


A reed switch with a current coil wound around the body. The coil 
must fit well without cracking the glass case 


connection may be common to both coils A and B (as shown), or 
they could be completely separate. The number of turns is 
sufficient to close the reed switch when a certain chosen current 
flows in either coil. 

Look at the positive pole of battery B1. Conventional current 
flows from here through either lamp LP1 if SW1 is closed, or lamp 
LP2 if SW2 is closed. Note, however, that the current flows through 
coil A or B in the opposite direction. With either lamp operating, the 
reed switch contacts will therefore "make" and buzzer, BUZ1, 
sounds using its own battery, B2. With both SW1 and SW2 closed, 
the effect of coil A is to neutralise the magnetic effect of B and the 
buzzer will remain off. Even if the current in each coil was slightly 
different, the buzzer would still not sound because the residual 
magnetic effect would be too little to operate the switch. 

This idea could be used, for example, to sense when one of the 
brake lights on a car was not working. Of course, you could make 
this circuit operate with unequal currents by adjusting the number 
of turns on each coil. 


Next month, | shall look at encapsulated reed switches and reed 
relays and how they may be used in simple designs. 


A 1S WOUND IN THE 
OPPOSITE DIRECTION 
TOs 
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sensitivity figure and dividing it by the required 


trip current. Some adjustment to the number 
of the turns will be needed at the end for the 
reason above. Note that, where a large 
current is involved, the wire will need to be of 
Sufficient thickness to prevent overheating. 

A further application of the reed switch is 


REED 
SWITCH 


as an equal-current indicator (see figure 2). 
Suppose two coils, A and B, having an equal 
number of turns are wrapped around the 
reed switch body. The turns in A are wound 
in the opposite direction to those of B. One 


reed switch 


CIRCUIT BEING 
MONITORED 


Figure 1: an over-current warning device using a 


Figure 2: an equal-current 
indicator. Here two coils are using, 
with windings in oppsite directions 
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longer evellabes in freuahhoe format, 
although this is not the case with most 


home construction components. Few lone 
builders atternpt a multilayer PC 
motherboard with hundreds of hours of 
design effort given to signal integrity. The 
fact that the glue-logic chips for the 
processor are only available in a surface 
mount package with pins too closely 
spaced for hand-soldering is unlikely to 
trouble most of us. However, there are 
some useful components that are only 
available in surface mount, and can yet be 
used by the home constructor. 

As described in our feature on surface 
mount components in Issue 7 this year, 


ae 
ob 
x 


mx: 01895,439602.- 
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steady hands, and 

eS for very fine work, 
onents sizes down to 

Down to 0603 is more 

practical, and 0402 

of magnifying goggles and 

1 patience. 

several suppliers selling to 

stock a good range of surface 

tt parts, | believe that surface mount 

ts are practical for most people and 


“@f interesting design area to get into. | 


reckon that the judicious use of surface 
mount technology will add a new 
dimension of magic to home construction, 
with the ability to make very small projects 
with large functionality. 

Another surface mount project is at the 
planning stage now, and if you the readers 
like the idea, we can do more. Tell us 
whether you would like to see more surface 
mount projects. If you would, we will try to 
see that surface mount projects make a 
regular appearance in ETI. Write to us or 
contact us on our email address 
eti@aaelectron.co.uk and tell us what your 
preferences are, and what your experience 
with surface mount construction (if any) has 
been so far. 
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8 CAVANS WAY, 
BINLEY INDUSTRIAL ESTATE, 
COVENTRY CV3 2SF 
Tel: 01203 650702 
Fax: 01203 650773 
(GUNG = Mobile: 0860 400683 


(Premises situated close to Eastern-by-pass in Coventry with easy access 
to M1, M6, M40, M42, M45 and M69) 


OSCILLOSCOPES 


Beckman 9020 — 20MHz — Dual Channel. 
Cossor 3102 - GOMHz Dual Channel ... 
Gould OS 245A/250/255/300/3000/335 
Hewlett Packard 180A/180C/181A/182C 
Hewlett Packard 1740A, 1741A, 17444, 100MHz dual cl 
Hewlett Packard 54100D — 1GHz Digitizing... 
Hewlett Packard 54200A — 50MHz Digitizing. 
Hewlett Packard 542014 — 300MHz Digitizing 
Hitachi V650F — 60MHz Dual Channel 
Hitachi V152F/V302B/V302F/V353F/V550B/V65 
Intron 2020 — 20MHz Digital Storage (NEW) 
lwatsu SS 5710/SS 57! 
Kikusui COS 6100 — 100MHz, 5 Channel, 12 Trace . 
Kikusul 5100 - 100MHz — Dual Channel................ 
Meguro — MSO 12704 — 20MHz Digital Storage (NEW 
Nicolet 310 —L.F._D.S.O. with twin Disc Drive 
Nicolet 3091 —L.F.D.S.O.. 
Lecroy 94504 — 300MHz/400 Ms/s D.S.0. 2 ch. 
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/ 
PM 3262/PM 3263/PM 3540 from £125 
Philips PM 3295A — 400MHz Dual Channel 
Philips PM 3335 — 50 MHz/20Ms/s D.S.O, 2 ch. 
Philips PM 3055 — 50 MHz DUAL Timebase .. 
Tektronix 434 — 25MHz — 2 Channel Analogu 
Tektronix 454 — 150MHz — 2 Channel 
Tektronix 468 — 100MHz D.S.0O......... 
Tektronix 2213 — G0MHz Dual Chann 
Tektronix 2221 — 60MHz Digital Storage 
Tektronix 2215 — 60MHz Dual trace 
Tektronix 2235 — 100MHz Dual trace ... 
Tektronix 2335 — Dual trace 100MHz (portable). 
Tektronix 2225 — 5O0MHz dual ch 
Tektronix 2440 — 300 MHz/500 Ms/s D.S.O. 2 Ch. 
Tektronix 455 — 50MHz Dual Channel 
Tektronix 464/466 — 100MHz An storage 
Tektronix 465/465B — 100MHz dual ch 
Tektronix 475/475 — 200MHz/250MHz Dual Channel 
Tektronix 485 — 350MHz — 2 channel 
Tektronix 5403 — GOMHz — 2 or 4 Channel.. 
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch. 
Tektronix 7704 — 250MHz 4 ch 
Tektronix 7904 — 500MHz 
Trio CS-1022 — 20MHz — Dual Channel 
Other scopes available too 


SPECIAL OFFER 
HITACHI V212 — 20MHZ DUAL TRACE 
HITACHI V222 — 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY 


Advantest 4133B — 10KHz — 20GHz (60GHz with external mixers) + Ext. Keyboard. fastened 
Advantest 4131B — 10KHz— 3.5GHz ... 

Ando AC8211 — Spectrum Analyser 1.7GHz 

Anritsu MS610B — 10KHz — 2GHz — (Mint) 

Anritsu MS3414 + MS3401B — (10Hz — 30 

Anritsu MS62B — 10KHz — 1700MHz ..... 


Avcom PSA65 S — 1000MHz — portable. 

Hewlett Packard 3580A — 5Hz-50KH2z .. 

Hewlett Packard 182T with 85594 (10MHz = iz). 
Hewlett Packard 35601A — Spectrum Analyser Interface 
Hewlett Packard 35624 Dual Channel Dynamic Sig. Analyser. 
Hewlett Packard 3562A Dual Channel Dynamic Sig, Analyse 
Hewlett Packard 853A + 8558B — 0.1 to 1500MHz.. 

Hewlett Packard 182T + 8558B — 0.1 to 1500MHz.. 

Hewlett Packard 87544 — Network Analyser 4-1300MHz 
Hewlett Packard 85914 — 9KHz — 1.8GHz. 

Hewlett Packard 8594E — 9KHz — 2.9GHz. 

Hewlett Packard 35824 —0.02Hz — 25.6KHz (dual ch.) 
Hewlett Packard 3585A —20Hz — 40MHz 

Hewlett Packard 8754A (opt. H26) — 4MHz — 2.6GHz 

IFR 7750 10KHz — 1GHz.. 

Marconi 2370 — 110MHz.. 

Marconi 2371 — 30KHz — 2000MHz.,. 

Meguro MSA 4901 — 1-300GHz (AS NEW) 

Meguro MSA 4912 — 1-1GHz (AS NEW). 

Polrad 641-1 — 10MHz — 18GHz 

Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz. 
Takeda Riken 4132 — 1.0GHz Spectrum Analyser ......... 
Tektronix 7L18 with mainframe (1.5-60GHz with external mixers) 
Tektronix 495P — 100Hz — 1.8GHz programmable 


MISCELLANEOUS 


Adret 740A — 100KHz — 1120MHz Synthesised Signal Generator 
ANRITSU ME 462B DF/3 Transmission Analyse 

Danbridge JP30A — 30K Insulation Tester ... 

Anritsu MG642A Pulse Pattem Generator . 

Dranetz 626 — AC/DC — Multifunction Analyser . 

EIP 331 — Frequency counter 18GHz... 

EIP 545 — Frequency counter 18GHz... 

EIP 5454 — Frequency counter 18GHz 

EIP 575 — Frequency counter 18GHz.. 

Farnell AP70-30 Power Supply (0- 7Ov/30A) Auto Ranging 
Farnell TSV-70 MKIl Power Supply (70V — 5A or 35V — 10A) 
Farnell DSG-1 Synthesised Signal Generator 

Farnell ESG-1000 Synthesised Signal Generator 1GHz (as new). 
Flure 5100A — Calibrator 

Guildline 9152 — T12 Battery Standard Cell 

Hewlett Packard 331A — Distortion Analyser . 

Hewlett Packard 3336C — Synthesised Signal 

Hewlett Packard 3437A System voltmeter, 

Hewlett Packard 3456A Digital voltmeter 

Hewlett Packard 3438A Digital multimeter. 

Hewlett Packard 3488A — Switch/Control Uni 

Hewlett Packard 35600A Dual Ch. Dynamic Signal ly 
Hewlett Packard 3711A/3712A/3791 B/3793B Microwave Lin' 
Hewlett Packard 33254 — 21MHz Synthesiser/Function Gen 
Hewlett Packard 3488A — HP — 1B Switch control unit (various Plug-ins bavaliabie) 
Hewlett Packard 3455A 6/4 Digit M/Meter (Autocal) 

Hewlett Packard 3478A — Multimeter (514 Digit) + HP — 1B 
Hewlett Packard 3586A — Selactive Level Meter 

Hewlett Packard 3776A — PCM Terminal Test Set 

Hewlett Packard 3779A/3779C — Primary Mux Analyser 

Hewlett Packard 37844 — Digital Transmission Analyser .. 
Hewlett Packard 37900D — Signalling Test Set (No 7 and ISDN) . 
Hewlett Packard 4262A — Digital LC 

Hewlett Packard 42754 — LCR Meter (Multi-Frequency) 
Hewlett Packard 4338A — Millionmeter (As New) 
Hewlett Packard 4342A 'Q’ Meter 


Hewlett Packard 435A or B Power Meter (with 8481A/84B4A) 
Hewlett Packard 4279A — 1MHz C-V Meter 

Hewlett Packard 4948A — (TIMS) Transmission impairment 
Hewlett Packard 4972A — Lan Protocol Analyser 

Hewlett Packard 5420A Digital Signal Pole ar 

Hewlett Packard 5335A — 200MHz High Performance Systems Counte: 
Hewlett Packard 5314A — (NEW) 100MHz Universal Counte 
Hewlett Packard 5316A — Universal Counter (IEEE)... 

Hewlett Packard 5183 — Waveform Recorder 

Hewlett Packard 5238A Frequency Counter 100MHz 
Hewlett Packard 5370A — 100MHz Universal Timer/Counter 
Hewlett Packard 5384A — 225 MHz Frequency Counter 
Hewlett Packard 5385A Frequency Counter — 1GHz — (HP1B) with OPTS 001/003/004/00:! 
Hewlett Packard 6253A Power Supply 20V — 3A Twin 
Hewlett Packard 6255A Power supply 40V — 1.54 Twin 
Hewlett Packard 6266B Power Supply 40V — 5A... 

Hewlett Packard 6271B Power supply 60V — 3A. 

Hewlett Packard 6622A — Power Supply, Dual O/P 

Hewlett Packard 6623A — Power Supply, Triple O/P 

Hewlett Packard 6652A — Power Supply (0 — 20V, 0 — 25A) 
Hewlett Packard 6264B — Power Supply (0 — 20V, 0 — 25A). 
Hewlett Packard 7475A — 6 Pen Plotter. 

Hewlett Packard 7550A — & Pen Plotter 


HEWLETT PACKARD 6261B 


Power Supply 20V-50A £450 Discount for Quantities 


Hewlett Packard 83555A — Millimeter — Wave source Module 33-50GHz . 

Hewlett Packard 8015A — SOMHz Pulse Generator 

Hewlett Packard 8405A — Vector Voltmeter 

Hewlett Packard 8165A — SOMHz Programmable Signal Source 

Hewlett Packard 8350B — Sweep Oscillator Mainframe (various Plug-Ins available) extra 
Hewlett Packard 8152A — Optical Average Power Meter 

Hewlett Packard 8158B ~ Optical Attenuator (OPTS 002 + 011). 
Hewlett Packard 8180A — Data Generator 

Hewlett Packard 8182A ~ Data Analyser.. 

Hewlett Packard 8350B — Sweep Oscillator Mainframe (various plug 
Hewlett Packard 83554A — Wave Source Module 26,5 to 40GHz . 
Hewlett Packard 8620C Sweep oscillator mainframe 

Hewlett Packard 8656A — Synthesised Signal Generator (990MHz 
Hewlett Packard 8656B — Synthesised Signal Generator 

Hewlett Packard 8750A Storage normaliser 

Hewlett Packard 8756A — Scalar Network Analyser ... 

Hewlett Packard 8757A — Scalar Network Analyser ... 

Hewlett Packard 8903A — Audio Analyser (20Hz — 100KHz) 

Hewlett Packard 8903E ~ Distortion Analyser (Mint 

Hewlett Packard 8958A — Cellular Radio Interface. 

Hewlett Packard 8901A ~ Modulation Analyser 

Hewlett Packard 8920A — R/F Comms Test Sel 

Hewlett Packard 8922b — GSM Radio Comms 

Hewlett Packard P382A Variable Attenuator 

Hewlett Packard 1630D — Logic Analyser (43 Channe 

Hewlett Packard 16500A — Fitted with 16510A/16515A/ 

Hewlett Packard 11729B — Carrier Noise Test Set 

Krohn-Hite 2200 Lin/Log Sweep Generator .. 

Krohn-Hite 4024A Oscillator... 

Krohn-Hite 5200 Sweep, Function Generato 

Krohn-Hite 6500 Phase Meter......... 
Leader 3216 — Signal Generator (100KHz ~ ~140KH z) AM/FM/CW with built 
modulator (mint) 
Marconi 2019 — BOKHz — 1040MHz Synthesised Sig. Gen. 

Marconi 2019A — BOKHz ~ 1040MHz — Synthesise Signal ‘Generator. 
Marconi 2022A — 10KHz — 1GHz AM/FM Signal Generator... 

Marconi 2041 — (10KHz — 2.7GHz) Low Noise . 

Marconi 2305 — Modulation Meter ...... 

Marconi 2610 — True RMS Voltmete: 
Marconi 2871 Data Comms Analyser . 
Marconi 2955 — Radio Comms Test Set . 
Marconi 6960 — Power Meter & Senso: 
Philips PM 5167MHz function gen... 
Philips 5190 L.F. Synthesiser (G.P.1.B). 

Philips 5193 Synthesised Function Generator. 

Philips 5518 Synthesised Function Generator 

Philips PM5519 — TV Pattern Generator 

Philips PM5716 — SOMHz Pulse Generat 

Philips PM6652 — 1.5GHz Programmable Hig! fi 
Philips PM6673 — 120MHz High Resolution Universal Counter .., 
Prema 4000 — 6 4 Digit Multimeter (NEW)... 

Racal 1992 — 1.3GHz Frequency Counter .... 

Racal Dana 9081/9082 Synth. sig. gen. 5S20MHz 

Racal Dana 9084 Synth. sig. gen, 104MHz . 

Racal Dana 9303 A/F Level Meter & Head... 

Racal Dana 9917 UHF frequency meter 560MHz 

Racal Dana 9302A R/F multivoltmeter (new version) . 

Racal Dana 9082 Synthesised am/fm sig gen (S520MHz) 

Racal 9301A — True RMS R/F Multivoltmeter 

Racal 6111/6151 - GSM Radio Comms Test Set 

Rohde & Schwarz LFM2 — 60MHz Group Delay Sweep Ger 
Rohde & Schwarz Scud Radio Code Test Set . 

Rohde & Schwarz CMS 54 Radio Comms Monitor. 

Rohde & Schwarz CMTA 94 GSM Radio Comms Analyse! 
Schaffner NSG 203A Line Voltage Variation Simulatot 

Schaffner NSG 222A Interference Simulator 

Schaffner NSG 223 Interference Generator . 

Schaffner WSG 431 Electrostatic Discharge Simulato 
Schlumberger 4031 — 1GHz Radio Comms Test Set 
Schlumberger 2720 1250MHz Frequency Counter. 
Schlumberger 7060/7065/7075 Multimeters .... 

Schlumberger Stabilock 4040 Radio Comm 

Solartron 1250 — Freq. Response Analyser 

Stanford Research DS 340 — 15MHz Synthesi 

waveform generator. x 
Systron Donner 6030 — Microwave Frequency Counter (26. 5GHz) ‘i 
Telequipment CT71 Curve Tracer 
Tektronix TM5003 + AFG 5101 Arbitrary Function Ger 
Tektronix 1240 Logic Analyser 
Tektronix DAS9100 — Series Logic Analyser 

Tektronix — Plug-ins — many available such as SC504, SW503, SG502, 
PG508, FG504, FG503, TG501, TR503 + many more. . 
Tektronix AM503 + TM501 + P6302 — Current Probe ‘Amplifier. ‘ 
Tektronix PG5S06 + TGSO1 + SG503 + TM503 — Oscilloscope Calibrator - 
Tektronix AA5001 & TM5006 M/F — Programmable Distortion Analyse: 
Tektronix 577 — Curve Tracer 
Time 9811 Programmable Resistance . 
Time 9814 Voltage Calibrator 
Toeliner 7720 — Programmable 10MHz Function Gen (AS NEW) 
Valhalla Scientific — 2724 Programmable Resistance Standard . 
Wandel & Goltermann PFJ-8 — Error/Jitter Test Set... 

Wandel & Goltermann PCM4 
Wande!l & Goltermann PCM4 (+ options) . 
Wayne Kerr 4225 — LCR Bridge 
Wayne Kerr 6425 — Precision Component Analyser 
Wayne Kerr 8905 — Precision LCR Meter..... 
Wavetek 171 — Synthetised Function Generato: 
Wavetek 172B Programmable Sig Source (0.0 
Wavetek 184 — Sweep Generator — SMHz-. 

Wavetek 3010 — 1-1GHz Signal Generator 

Wiltron 6409 — AF Analysers (1MHz— 2GHz) . 
Wiltron 6620S — Programmable Sweep Generator (3. 


MANY MORE ITEMS AVAILABLE - 
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT 
ALL EQUIPMENT IS USED - 
WITH 30 DAYS GUARANTEE. 
PLEASE CHECK FOR AVAILABILITY BEFORE 
ORDERING — CARRIAGE & VAT TO BE ADDED 
TO ALL GOODS 


| options available) 


